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The absorption spectrum of HDO has been recorded by Intracavity Laser Absorption Spectroscopy in the 16 300-16 670
and 18 000—18 350 cim spectral regions corresponding to the weak 2 4v, andv, + 5v; bands, respectively. The, +
5v, band centered at 18 208.434 chwas found almost isolated and has been satisfactorily reproduced in the frame of the
effective Hamiltonian model. On the other hand, the 2 4v; band at 16 456.201 chis strongly perturbed as the (0 2 4)
bright state is involved in a complex interaction scheme including the (1 0 4), (50 1), (15 2), and (1 11 0) states. The
rovibrational assignment of these interacting states was greatly helped by the high-aeturatiy predictions performed by
D. Schwenke and H. Partridgd.[Chem. Phy000—000 (2000)]. They could be partly modeled by an effective Hamiltonian
which has allowed the assignment and reproduction of most of the observed transiiemns.academic Press

INTRODUCTION The analysis of the HDO absorption spectrum has als

) ) ~ proved that high-order anharmonic couplings are rather sen

The present study completes our previous investigationsgfe to the excitation of the bending mode. For instance, th
the HDO absorption spectrum in the near-infrared and ViSibé%quences of thev 0 0) and (0 0V,) stretching levels have
spectral rangelt-4), by the analysis of two spectral regionsyeen found to be well-isolated.(4), though in some cases,

16 30016 670 and 18 00018 350 cicorresponding to the iy excited bending states could be found in the vicinity o

weak 2, + 4vs, vy + 4vs, and thev, + Sv; absorption bands, o0, 1y contrast, combination states involving one bendin

respectively, in the vicinity of the much_ more int_ensg band excitation such as\(; 1 0) and (O 1V) appear to be more
centered at 16 920.02 crh (4). Effective Hamiltonian ap- subject to interactions: the (2 0 0) vibrational state, for exan

proach together with the recent high-accurabyinitio calcu- - .
: . . _ple, is slightly perturbed by the other nearby state),(while
lations by Schwenke and Partridds) (vere used in the theo theK, = 2 levels of the (2 1 0) state are half-mixed with those

retical treatment of the spectra. Both positions and intensitie
of the HDO absorption lines were considered in the analysts]sthe (050) stateq). Another case concerns the (0 0 4) sta

All the investigated vibrational states were found to be more 8’Ih 'ICh t(;]an tc))e 1cc;fnsu:etreq az |sola§ed I?t Ieastt L:)ﬂ) zo t?\ (1), h

less perturbed by the nearby states, yielding considerable WD' € the ( _) stale IS dramatically perturoe rougn

tensity transfer in some cases. complex interaction scheme involving the two highly excitec
In contrast with HO, no definite resonance polyad structurQend'ng states, (1 4 2) and (0 12 @).(In the present paper, we

has been evidenced in HDO, even for low-lying vibrationé(Vi" report the analysis of the rotational structure of the (01 5

states. Resonance interactions do not show regular behaigite Which corresponds to one additional bending excitatic

since in addition to the strong and well-traced Fermi-typgP?Mpared to the well-isolated (0 0 5) sta®. (In fact, our
interaction 6—10, high-order anharmonic and rovibrationa@nalysis will show that the (0 1 5) state is only slightly
couplings between states with large difference of bendi§rturbed by the nearby (0 6 3) and (2 7 1) vibrational states
guantum numbers have been obsen2d3, 9. These latter contrast with the situation found for the (0 1 4) state.
interactions seem to be even stronger in HDO compared toThe study of the highly excited HDO states above 13 20
H,0 molecule and its symmetric isotope specit 6ince the M (1-4) together with data presented in this paper show th:
o, (2824 cm™) harmonic frequency of HDO is nearly equal tcaccidental resonances more than a general polyad struct
2w, (2888 cm™), while in H,0, these values differ by aboutseem to rule the HDO absorption spectrum in the near-infrare
550 cm . and visible ranges. In this context, the high accurate calcul
tions of the HDO absorption spectrum performed by Schwenk

* On leave from the Institute of Atmospheric Optics, Russian Academy &1d PartridgeX) have proven to be highly valuable to identify
Sciences, Tomsk, 634055, Russia. these casual interactions. The present analysis of the 16 30
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16 670 cm* spectral region, corresponding to the,2+ 4v, assigned lines. As a result of this normalization procedur
and v, + 4v, perturbed bands, will give more opportunity to71% of the measured line intensities could be compared with
prove the importance and the quality of these predictions. 20% with their predicted values. The total experimental inter
sity of the 2, + 4v; band was calculated to be 1.07 10™*
EXPERIMENTAL cm ?/atm in close agreement with its predictes) alue of
1.18x 10™* cm */atm, while the total measured absorption for

Intracavity laser absorption spectroscopy (ICLAS) is afit€?: + 4vsband (1.27< 10°° cm */atm) is considerably less

: oD )15 BT
experimental method particularly well suited to explore largan predicted (3.3 10 cm“/atm), indicating that many
spectral regions with a routine sensitivity better than®on*  transitions of this weak band were not detected. The24v,

(12). The cell filed with a 1:1 mixture of kD:D,0 was Pand has exclusivelg-type character, while the, + 4»; band
inserted in the laser cavity. In the present experiments, we udit$ @ hybrid character with a predictad intensity ratio of
our standard standing-wave dye lask,(13. Dye solutions of 1:1.7. The observed line centers, experimental and predict
Rhodamine 590 and Rhodamine 560 were used to record {Rkintensities, and rovibrational assignments are included
spectra in the 16 300-16 670 and 18 000—18 350 cre- Table 1. The 104 experimental energy levels obtained from t
gions, respectively. The data acquisition system and the pgp_served transitions by adding the Corr_esponding experimen
cedure used for wavenumber calibration have been previou§ye!s of the ground statel{) appear in Table 2, with the
described 1-4). The spectral calibration uses as referen&@ perimental uncertainty and the deviation from their predicte
absorption lines provided by an iodine cell inserted betweé?) values. _ _ o o
the laser and the spectrografi, We estimate the measured Energy considerations indicate }?at the (0 2 4) ylbratlone
wavenumbers to be precise to within 0.01 ¢ras confirmed State under studyl, = 16 456 cm’) may strongly interact
by the ground state combination differences provided by tNéth three other nearby states: (1 0 4) at 16 539°Grt6 0 1)
following rotational analysis and by the agreement observ&8§16 482 cm’, and (15 2) at 16 450 cm. According to Relf.
for the H,0 lines with the values given in Refsl) and @6). (5), one more state, (1 11 0), predlct?fl more than 400°cm
The relative intensities of the lines were roughly estimatRflow the above state&( = 16 049 cm’), may also perturb
from the peak depth of each line. Despite its limited accuracdji® (0 2 4) state since many lines involving its rotationa

this information will prove to be highly valuable in the spectrapuPlevels are predicted with noticeable intensity in the an
assignment process. lyzed spectral region. To confirm and extend our rovibratione

assignments, we tried to fit the observed energy levels of t
five above states, in the frame of the effective Hamiltonial
(EH) model in the PadeBorel representationl8, 19. It ap-
peared to be rather easy to account for the (0 2 4)—(1 0 4)-
0 1) interactions: the rotational levels of the (0 2 4) and (1 0 4
One hundred ninety-nine lines observed in the 16 30Gstates wittK, = 3 strongly interact via Fermi resonance, while
16 670 cm* spectral region were assigned to HDO and amehigh-order anharmonic interaction strongly connects some
listed in Table 1. They belong mainly to the/2+ 4v; and the K, = 1, 2 levels of the (0 2 4) and (5 0 1) states.
v, + 4v, bands centered at 16 456.201 and 16 539.04'cmSixty-eight of the 104 observed levels, including two energ
respectively. The rovibrational assignment was performed tavels of the (5 0 1) dark state, could be fitted using thi:
the basis of the predictions performed by Schwenke and Pateraction scheme with an rms deviation of 0.030 tnThe
tridge ), which are particularly accurate (average deviation ditted values of the rovibrational parameters obtained for the |
—0.06 cm) in this specific region. A comparison of the stick2 4), (1 0 4), and (5 0 1) states are presented in Table 3. O
spectrum retrieved from the experiment with the predictachportant result of the fitting is that the center of the+ 4v,
spectrum of Ref.§) is shown in Fig. 1. The weakness of théband could be retrieved at 16 539.042(16) Cafespite the fact
spectrum under study, with the strongest lines not exceeditngt the energy of the (1 0 4) [000] level could not be expet
2.8 10°° cm ¥atm, hindered unambiguous assignment of thimentally determined. Note that all the, = 0, 1 energy levels
weakest lines not included into combination differences. Fif the (0 2 4) state were excluded from the fit (see Table 2
nally, 135 observed lines were attributed to the strongeri2 They are indeed affected by an extra interaction (see beloy
4v, band, while 42 lines were assigned to the weaket 4v; which makes them deviate significantly (up to 1.6 ¢jrfrom
band. Nine more transitions borrowing their intensities througheir EH predicted values. The mixing coefficients calculate
resonance intensity transfer could be assigned to the (5 0 1) andhe EH approach for the higK, levels indicate that the
(1 11 0) states (vibrational labeling of ReB)). Thirteen weak vibrational assignment given in Ref5)(for some of these
lines (7%) remain unassigned. levels should be interchanged between the (1 0 4) and (0 2
Similarly to our previous studies, the experimental relativetates. This reassignment is confirmed by the fact that tl
intensities were normalized to the absolute intensity predictstfonger lines correspond now to the,2+ 4v, band, while
in Ref. () by considering the sum of the intensities of theveaker lines belong to the, + 4v; band.

RESULTS AND DISCUSSION

A. The 2, + 4v, and v, + 4v, Bands
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TABLE 1
Wavenumbers, Intensities, and Rovibrational Assignments of the HDO Absorption Lines between 16 300 and 16 670 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. | Ref. (5) (cm™) Obs. | Ref. (5)

16403.642  7.8E-07 7.5E-07 220 321
16404.745  7.9E-07 74E-07 221 322
16405.196  1.4E-06 14E-06 211 312
16406.552 -23E-07 9.7E-08 514 625
16409.408 1.8E-07 90E-08 313 422
16409.743  1.4E-06 14E-06 202 303
16411.061  1.6E-06 14E-06 212 313
16411.468 3.5E-07 1.1E-07 753 752
16411.468  3.5E-07 L1E-07 752 753
16413.472  1.8E-07

16413.830 3.5E-07  2.1E-07 651 652
16413.830 3.5E-07 22E-07 652 651
16415.843 84E-07 42E-07 551 550
16415.843  8.4E-07 42E-07 5350 551
16421.506 1.1E-06 99E-07 110 211
16421.835  1.5E-07 15E-07 606 717
16425.188  1.3E-06 1.3E-06 101 202
16426.146  1.0E-06 1.OE-06 111 212
16428.112  22E-07 84E-08 661 660
16428.112  2.2E-07 84E-08 660 661
16431.652  2.9E-07 1.4E-07 744 743
16431.652  2.9E-07 1.4E-07 312 423
16432.760  1.9E-07 1.4E-07 743 744
16433.087 2.8E-07 3.1E-07 643 642
16433.404  3.3E-07 3.1E-07 642 643
16434265  6.7E-07 58E-07 542 541
16434314  6.7E-07 58E-07 541 542
16434.706  1.9E-07 1.1IE-07 524 533
16435.197  2.1E-06 1.OE-06 441 440
16435.197  2.1E-06 1.0E-06 440 441
16435429  3.4E-07 3.1E-07 313 312
16436.388  1.9E-07 I.5E-07 735 734
16437209  3.2E-07 3.0E-07 524 523
16439.141 1.8E-07 2.0E-07 505 616
16440.693  7.1E-07 77E-07 000 101
16440.850 2.7E-07 28E-07 634 633
16443.013  4.4E-07 28E-07 322 331
16443.013  4.4E-07 19E-07 515 606
16443.156  5.6E-07 5.8E-07 533 532
16444367 8.5E-07 1.0E-06 432 431
16444.534  4.9E-07 STE-07 423 422

16304373 4.0E-07 20E-07 827 928
16305.053  2.9E-07 23E-07 818 919
16306.060 2.2E-07 2.1E-07 817 918
16306.448 3.3E-07 34E-07 808 909
16306.718  2.7E-07 1.2E-07 744 845
16306.718  2.7E-07 1.2E-07 743 844
16316.734  4.9E-07 2.0E-07 735 836
16317.028  2.8E-07 23E-07 734 835
16321.487 3.9E-07 30E-07 725 826
16322.398 4.4E-07 33E07 726 827
16323.744  4.0E-07 1.8E-07 643 744
16323.744  4.0E-07 1.8E-07 642 743
16323.994 3.5E-07 38E-07 716 817
16325.956  7.2E-07 57E-07 707 808
16325956  7.2E-07 51E-07 717 8138
16333389  3.5E-07 35E-07 633 734
16333.614  5.0E-07 27E-07 634 735
T16333.614 5.0E-07 98E-08 331 440
16337.605  5.7E-07 47E-07 624 725
16338.464  3.2E-07 23E-07 625 726
16340.196  3.9E-07 32E-07 625 726
16340.613  4.5E-07 22E-07 542 643
16340.613  4.5E-07 22E-07 541 642
16341.042  6.6E-07 62E-07 615 716
16344.230  8.0E-07 79E-07 616 717
16344524  7.5E-07 8.1E-07 606 707
16349926  5.5E-07 5.0E-07 532 633
16350.035 4.4E-07 38E-07 533 634
16354.245  4.3E-07 55E-07 523 624
16356.309  5.9E-07 7.7E-07 524 625
16357.264 1.2E-06 93E-07 514 615
16357.264  1.2E-06 18E-07 441 542
16357.264  1.2E-06 1.8E-07 440 541
16361.626  1.1E-06 98E-07 515 616
16362.128 1.1E-06 ILIE-06 505 606
16366.371  3.5E-07 3.1E-07 432 533
16366.591  5.7E-07 58E-07 431 532
16368.972  3.1E-07 3.0E-07 422 533
16369.904 1.0E-06 92E-07 422 523
16372.725  1.1E-06 95E-07 423 524
16372.936  1.2E-06 12E-06 413 514

SO SO =~ OO0
NN OONDNNN
LR e

NRONONNRNRPMNNNNRNNNRONRNONNONONONNNNNNDIMODNNDNNNDDNDNDNDN

16376.638  3.5E-07 24e-07 414 515 11 16444.968 12E-06 1.3E-06 331 330
16378.643  1.3E-06 1.3E-06 404 505 2 16445262  6.2E-07 5.5E-07 212 211
16379.718  1.1E-06 1LIE-06 414 515 2 16445522  8.1E-07 84E-07 431 432
16380.560  2.2E-07 1L.7E-07 414 505 11 16445.752  1.4E-06 1.4E-06 330 331

16383.108  4.9E-07 5.0E-07 330 431
16383.780  4.9E-07 46E-07 321 432
16386.790  9.7E-07 99E-07 321 422
16388.839  9.7E-07 99E-07 322 423
16389.029  1.3E-07 39E-08 303 322
16389.246  1.3E-06 14E-06 312 413
16394.269  1.3E-06 1.2E-06 303 404
16395.508  1.5E-06 1.5E-06 313 414
16395.657  3.5E-07 42E-07 313 404
16398.465 1.8E-07 1.5E-07 221 330 16453.226  1.0E-06 1.0E-06 321 322
16399.007 14E-07 1L5E-07 220 331 16455.090 4.0E-07 14E-07 111 220
16400.669  1.6E-07 16455.090  4.0E-07 22E07 404 515

16445918 5.0E-07 48E-07 532 533
16446.204 4.9E-07 43E-07 321 330
16447.844  3.6E-07 24E-07 633 634
16448.810 1.1E-06 1.0E-06 322 321
16449.125 1.8E-07 43E-08 652 651
16449.125 1.8E-07 4.3E-08 651 652
16450.864  1.8E-06 1.9E-06 221 220
16451.780 2.8E-06 1.2E-06 111 110
16451.780  2.8E-06 1.8E-06 220 221

NN ON

—
—
e R i R I i = R e e T T T N S s S e N et N N S Y N N N S N N N N N N N N N N Y N T N

il e 2 2 R =R o=l R el o R Ne -l NoR-Ne e Ne e Nol el o N ol N =N N === R R R == e e R R e R R e R e R e ]

[t}

il = N B~ = =R i i i R R e B R e e I e e e I I e B e I e Y e Y e Y e R R = R R e T e W oS o B e B
CONNNNOONNORNRNNNNENNNNOONNONNINNNORNINNENNNONNRNNNONRINDNDN
e e I R e i i e I i T - N Nt S N NGt O QN S N O NG N N QT SO NG N N N

Note. The experimental and predicte8) (intensities are given in ciyatm at 296 K and correspond to pure HDO. The total experimental
absorption of HDO is normalized to that predicted in R8J.(see text). T means tentative assignment. Lines blended,5@Hines are marked
(b). In the case of unresolved multiplets, the same experimental intensity is given for the different components, while the intensities pm Ref. (
correspond to each component. Some lines in the high-frequency edge of the observed spectrum belongingtiariievgre excluded from the
list.
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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. | Ref. (5) (cm™) Obs. | Ref (5)
16455.665 1.8E-07 1.OE-07 515 524 16535.436  4.4E-07 50E-07 818 717 024
16456.860  5.6E-07 55E-07 422 423 16535974  8.6E-07 87E-07 523 422 024
16457.879  1.1E-06 12E-06 110 11 16536.795 1.9E-06 1.6E-06 514 413 024
16458.391 1.9E-07 1.6E-07 110 221 16536.795 1.9E-06 62E-07 634 533 024
16439.002  1.8E-07 S.0E-08 322 423 16536.987 7.9E-07 7.0E-07 625 524 024
16459.002 1.8E-07 1.1E-07 404 505 16537.715  9.7E-07 83E-07 808 707 024
16462.104 1.8E-07 19E-07 414 505 16540.943  6.9E-07 6.1E-07 633 532 024
16463.534  6.2E-07 55E-07 211 212 b 16541.386  4.6E-07 25E-07 744 643 024
16464.152  1.8E-07 1.7E-07 523 524 16542.166  6.8E-07 25E-07 743 642 024
16465.705  1.8E-07 92E-08 312 413 16542.166  6.8E-07 53E-07 909 808 024
16469.479  2.7E-07 24E-07 303 414 16547.444  5.1E-07 79E-07 726 625 024

16549.029  2.6E-07

16549.714  8.8E-07 1.3E-06 615 514
16550.823  6.0E-07 52E-07 735 634
16552.906  2.2E-07

16553.726  8.2E-07 94E-07 624 523
16557.041  7.1E-07 5.5E-07 827 726
16557.369 23E-07 2.6E-07 312 303
16557.901 4.0E-07 1.9E-07 523 514
16557.901  4.0E-07 14E-07 624 615
16559.163 53E-07 48E-07 734 633
16559.652  2.1E-07 20E-07 422 413
16560.062  7.7E-07 85E-07 716 615
16563.976  5.3E-07 3.6E-07 836 735
16565.416  3.5E-07 33E-07 928 827
16567.714  3.5E-07 LSE-07 202 101

16471.358  8.0E-07 83E-07 101 000
16471.832  2.7E-07 3.0E-07 312 313
16481.636  9.7E-07 1.L1IE-06 212 111
16482.810  3.1E-07 23E-07 202
16483.599  2.1E-07 9.7E-08 211
16485564  1.3E-06 1.4E-06 202 101
16489.165  1.1E-06 I.1IE-06 211 110
16450913  2.3E-07 1.6E-07 413 422
16491.628 2.4E-07 1L.5E-07 312 321
16493.765 1.4E-06 1.7E-06 313 212
16496.948  9.7E-07 9.0E-07 322 221
16498.262  1.5E-06 15E-06 303 202
16499357 9.9E-07 89E-07 321 220
16499.643  5.6E-07 46E-07 313 202
16502.111  4.3E-07 3.7E-07 414 313

NNNNODONNOONINDDNDNOODNNODOODODDNNND
o O
[\S I NS
S~

——
—_——

16505.207 1.3E-06 1.5E-06 414 313 2 16567.714  3.5E-07 1.7E-07 303 212
16506.055 1.3E-06 1.6E-06 312 211 2 16567.867 5.3E-07 57E-07 817 716
16507.030  8.0E-07 50E-07 432 331 2 16569.490  2.7E-07 14E-07 514 505
16507.030  8.0E-07 7.5E-08 651 550 2 16571.034  6.2E-07 72E-07 725 624
16507.030  8.0E-07 75E-08 652 551 2 16571314 1.3E-07 1.2E-07 1029 928
16507.964  5.9E-07 5.0E-07 431 330 2 16573.931 59E-07 3.0E-07 918 817
16509.275  1.7E-06 19E-06 404 303 2 16573.931  5.9E-07 L1E-07 945 844
16510.980 1.2E-06 13E-06 423 322 2 16575.952  3.7E-07 22E-07 937 836
16511.169  2.7E-07 1.8E-07 414 303 11 16576.897 2.7E-07 1.6E-07 1019 918

16512.226  3.5E-07 24E-07 542 441
16512.226.  3.5E-07 24E-07 541 440
16513.850  1.4E-06 1.7E-06 515 414
16516.833  1.1E-06 12E-06 422 321
16516.998  3.5E-07 25E-07 202 211
16518.277 1.8E-06 1.9E-06 505 404
16521.714  1.3E-06 L.7E-06 413 312
16522.071  7.6E-07 7.1E-07 533 432
16522.808 1.5E-06 1.6E-06 616 515
16523.914  6.2E-07 6.7E-07 532 431
16524.148  1.2E-06 1.3E-06 524 423
16525.742  1.4E-06 1.6E-06 606 505
16526.834  3.2E-07 30E-07 643 542 16642.255 1.7E-07 7.8E-08 422 313
16527.044  4.2E-07 3.0E-07 642 541 16644.042  3.8E-07

16529.401  2.6E-07 16645.386  1.6E-07

16530.573  1.3E-06 12E-06 717 616 16656.583  6.6E-07 1.0E-07 532 423 1
16531.695  3.2E-07 16658.758  2.6E-07 80E-08 634 523 1

16579.704  2.9E-07 19E-07 303 202
16582.499  2.7E-07 1.3E-07 312 211
16582.499  2.7E-07 7.8E-08 524 515
16586.330 4.9E-07 44E-07 826 725
16591.360  2.7E-07  2.1E-07 505 414
16592.717 3.7E-07 2.35E-07 414 303
16599.016  2.2E-07 L7E-07 221 110

b 16599.392 3.7E-07 2.8E-07 927 826
16600.418  3.5E-07 1.8E-07 606 515§
16604.328  3.1E-07 1.8E-07 606 505
16609.864  2.0E-07 L4E-07 322 211
16632.554 2.3E-07

— e O e e D e e, O O O O OO O et D OO O - OO
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16531.850  1.8E-07 88E-08 111 110 104 16665.545  2.8E-07
16532.129  1.3E-06 13E-06 707 606 024 16666.050  3.0E-07
16533.784  1.9E-07 1.8E-07 523 422 501 16670.453  2.6E-07
b 16535.266 8.8E-07 4.0E-07 625 524 501 16671.110  14E-07

At the second step, we tried to fit all the observed energywharmonic and rovibrational resonances with the (1 5 2) ar
levels using an interacting scheme involving the five vibrgd 11 0) highly excited bending states. This resonance schel
tional states. As a result, we found that tg = 0, 1 energy is very similar to that affecting the (0 1 4) state for which the
levels of the (0 2 4) state strongly interact both througK, = 0, 1 levels were found to be perturbed by the (1 4 2) an
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16300 16350 16400 16450 16500 16550 16600 v, + 5v; band, while seven transitions borrowing their inten
' T T ‘al sities through resonance interaction with the main band invol
3x10¢ ICLAS - rotational sublevels of the (1 1 4) state and the (0 6 3) and |
] 7 1) highly excited bending states. As in the above analysi
line positions and intensity calculations within the effective
Hamiltonian (EH) approach, together with the high-accurac
[ ab initio predictions of Ref.§), were systematically used in the
. identification process.
| P99 b . ) . . .
3x10° r The experimental intensities were normalized against tf
| absolute values predicted in Re5),(as described above. In the
determination of the normalizing factor, 64% of the measure
1x10%) I line intensities were compared with their predict&) (alues
0l t yielding an average agreement of 16%. Figure 3 shows tl
16300 16350 16400 16450 16500 16550 16600 overview of the observed, simulated (EH), and predict&d (
Wavenumber (cm’) spectrum of thev, + 5v; band. The list of the 173 measured

FIG. 1. Comparison of the overview of the HDO absorption spectrurHne positions, the Correspondlng experlmental, calculated (S'

between 16 300 and 16 670 c(a) Stick spectrum retrieved from the ICLAS D€low), and predicted] intensities followed by the rotational
spectrum. The absolute intensities were obtained after normalization of @ssignment is presented in Table 4. Except for seven we
experimental data against the corresponding absorption intensity preditediines (4%), all the transitions could be rovibrationally assignec
!n_t_he anaIyZ(_ed region (see text). (b)_ Cak_:ulated _spectrum predicted lapthe The experimental energy levels of the (0 1 5) vibrationa
initio calculations of Ref.5). Some lines in the high-frequency edge of the tat th d in Table 5. The th tical treat t of t
spectrum belonging to thevs band were excluded both from the observec? ale are g_a ere_ _|n a e. : e“ eorelical trealment o
spectrum and from the predicted spectruh ( observed line positions and intensities show that the resonar
interactions of the (0 1 5) state with the nearby states a

surprisingly weak compared to the (0 1 4) situation. It allow:

(0 12 0) states2). The occurrence of such high-order resoln @ good approximation, the (0 1 5) state to be treated as
nance interactions in HDO molecule has been already digolated vibrational state. Finally, 74 of the 80 experiment
cussed in Ref.2). Though the perturbations observed for théNergy levels could be reproduced within 0.024"tray the
K, = 0, 1 sublevels of the (0 2 4) are large, we could identifffH- This rms deviation is significantly larger than the experi
only two additional levels, at 16 545.814 and 16 602.502'cm Mental accuracy on the energy levels (0.004 tfar the levels
observed through six additional lines, which borrow their irbtained from combination differences of two or more lines)
tensity from the corresponding line partners of thg 2 4», The deviations of the observed energy levels from their calc
band. Considering the limited experimental information reldated (EH) and predictecb) values are also given in Table 5
tive to the (1 5 2) and (1 11 0) dark states, the difficulty tBr comparison. It is interesting to note that Reg) predicts
estimate reasonably the unperturbed rotational constantsti¥t energy levels of the (0 1 5) state with a nearly constant sh
these states, our attempts to perform a complete fit of all tAE0-7 cm " up toJ = 8, while the deviations increase up to 1.8
observed energy levels were not satisfactory enough to $8 = for J = 11. The fitted values of the rotational and
presented here. However, the EH calculations suggest that $g8trifugal distortion parameters are listed in Table 6.
two above additional energy levels, assigned in R&fag (0  The rovibrational wavefunctions obtained from the energ
2 4) [303] and (0 2 4) [414] levels, respectively, should be, ii§Vel fittings were then used to derive two transition momer
fact, reassigned to (1 11 0) [313] and (1 11 0) [414], respeRarametersy(, = 2.455(40)x 10™° D and u, = 5.48(60)
tively. 10°° D) from the fitting to the normalized experimental inten
Figure 2 shows the excellent agreement between the &#i€s of 74 unblended lines. These parameters provide .
served and predicteds) spectra between 16 498 and 16 53§Verage accuracy of 11% in the reproduction of the input dat
cm™*. Five lines of the 5, + v, andv, + 11v, bands borrow The line intensities calculated with these transition momer
ing their intensities through resonance transfer are indicateBarameters are included in Table 4. The total calculated ba
intensity is 1.47x 10~* cm ’/atm in agreement with a pre
dicted 6) value of 1.56x 10~* cm */atm. Figures 3 and 4
show a comparison of the observed, calculated, and predict
Thev, + 5v, band centered at 18 208.434 Cnis the most (5) spectra for the whole and an expanded regions, respe
excited overtone transition of HDO analyzed so far. It is @vely.
rather weak band of exclusivetytype with line intensities not ~ Among the six perturbed energy levels excluded from the fi
exceeding 2.2 10°° cm *atm. Overall, 173 absorption linesfive deviate from their unperturbed positions by less than 0.1
were attributed to the HDO species in the 18 000—18 350'cncm ', while the [4 1 4] level is shifted by-0.38 cni™. This last
spectral region. Most of the observed transitions belong to tlewel is the only one for which the assignment of the perturbe

2x104 r

S
T

—
>
—_
S,
¥

(=}
|

Intensity (cnfz/atm)

210 r

B. Thev, + 5v, Band
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SPECTRAL REGIONS OF HDO ABSORPTION SPECTRUM

TABLE 2
Rotational Energy Levels (cm™) of the (0 2 4), (1 0 4), (1 11 0), and (5 0 1) Vibrational States of HDO
024) (104) (111 0 (501)
JK. K, Eobs o N A Eobs e N 4 Eobs o N A Eobs g N a4
000  *16456.201 1 000
101 *16471359 0001 2  -0.03
111 *16484274 0002 2 -0.04 | *16564.352 0006 2  -0.12
110 *16487.689 0001 2  -0.03 | 16567316 1 012
202 *16501.072 0001 2  -0.04 | 16583201 0016 3  -0.1t
212 *16511.447 0003 3 -0.02
211 *16521659 0002 3 003 | 16600.060 1 -0.09
221 16560.133 0001 2 -005 | 16631514 0002 2  -0.I1
220 16560.706 0001 2 -0.04 | 16632.030 1013
303 *16544425 0007 3 003 | 16625868 0008 2  -0.10
313 *16551.891 0001 3 -0.02 | 16631.244 1 012 | *16545814 0002 2 0.04
312 *16572.230  0.007 3 -0.01 16648.691 0.005 5 -0.12
322 16605876 0003 3 -004 | 16676043 0005 3  -0.09
321 16608.622 0005 3  -004 | 16679260 0006 2  -0.07
331 16678.018 1 006
330 16678.780 0.005 2  -0.03
404 *16600.597 0008 2 -0.02 | 16680.954 0.005 3  -0.10
414  *16605590 0007 2 000 | 16684.048 0002 2  -0.13 | *16602.502 0003 4  0.02
413 *16638.173 0002 2 006 | 16712.749 1 013
423 16666366  0.004 3 -0.03
422 16673.899 0002 3 -0.04 | 16742.639 0004 3 010
432 16740.045 0007 3 -0.03
431 16741.008 0006 3  -0.03
441 16837.517 0010 2 -0.03
440 16837.524 0001 2 -0.04
505  *16668.437 0005 2 -0.02 | *16747.749 0007 2  -0.11
515 *16670.237 0.005 2 -004 | 16749314 0013 2  -0.14
514 *16719.774 0003 2 -001 | 16791431 0004 2  -0.11
524 16741.192 0008 3 -0.02 | 16808367 0004 2  -0.06
523 16757.797 0009 3 -0.09 | 16823.137 1 010 16755.620 1 006
533 16817.557 0007 3 -0.02
532 16819.588 0004 3 -0.02 | *16873.624 1 012
542 16914527 0021 3 -0.02
541 16914570 0013 2 -0.03
551 17031.811 1 -003
550 17031.811 1004
606  *16747.68 0001 2  -003 | *16826279 0004 3  -0.09
616  *16748674 0002 2  -0.05
615 16814.954 0005 2  -0.03
625 16830.623 0001 2 0.04 16828897 0006 2 018
624 16857.724 0004 2 -0.07 | 16920.408 1 010
634 16910516 0002 2 -0.02 | *16962.752 1 009
633 16915354 0003 3 0.00
643 17007.067 0008 3 -0.03
642 17007298 0004 2 -0.04
652 17122998 0001 2 -0.05 | 17158292 1 008
651 17122998 0001 2 -0.05 | 17158.291 1 -006
661 17300.902 1 001
660 17300.902 1 -003
707 *16838457 0014 2 -0.04
717 *16839.188 1 -006
716  *16922.563 0006 2  -0.03
726 16932331 0013 2 -0.04
725 16974579 0004 2 -0.05
735 17018.347 0007 3 -0.05
734 17028.825 0.002 2 -0.02
744 17115273 0008 3  -0.04
743 17116123 0013 2 -0.07
753 17229.481 1 -008
752 17229.474 1 007
808  *16940.876 0001 2 017
818  *16939.844 1007
817  *17041.789 0005 2  -0.04
827 17047469 0.001 2 -0.04
826  *17106.453 1010
836 17140.881 1013
909 17054.681 1 021
918  *17172.49 1 -0.04
928  *17175363 1 012
927 17252.480 1 015
937 17277.572 1 -0.18
945 17383324 1 008
1019 *17312.632 1 014
1029 *17314.411 1 014

Note. Asterisks denote the energy levels excluded from the fittingenotes the experimental uncertainty of the level intri is the
number of lines sharing the same upper levels the difference between the experimental and predidgddlues of the energy.
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TABLE 3
Spectroscopic Constants of the (0 2 4), (1 0 4), and (5 0 1) Vibrational States of HDO (in cm™)
024 104 501

E, 16454.9930(370) 16539.0421(160) 16481.89

A 22.66089(770) 19.40705(630) 19.9396(340)

B 9.34937(310) 8.91221(110) 8.38238(670)

C 5.91155(350) 5.97623(120) 5.9

A 4.5517(200) x 107 8.586(300) x 107 9.1 x 103

A -1.902(160) x 107 3.0 x 107 3.0x 10"

4 4.656(210) x 10 42 x10* 42x10™

& 5.238(180) x 107 1.6 x107 1.6 x 107

3 3.258(180) x 10™ 1.5x 10 1.5x 10

Hi 9.7 x 10™ 33x10° 3.3x10°

Coupling Constants
Fk Fi va sz

(104)-(024) -0.52724(370) -8.381(270) x 102
(104)-(024) -0.5351(100)
(501)-(024) -6.16(120) x 107 2.802(130) x 107 2.283(170) x 102

Note.All the energy levels of the (0 2 4) state wikh, = 0, 1, greatly perturbed by interaction with the (15 2) and (1 11
0) states, were excluded from the fit. Parameters presented without confidence interval were fixed to the correspondent values
of the (1 2 0) state1(0) for the (0 2 4) and the values of the (0 0 4) statgfor the (1 0 4) and (5 0 1) states.

could be supported by the observation of extra lines. Accordifdg. 4). The vibrational assignment of the perturbers is diffi
to the predictions of Ref5j, this energy level is perturbed bycult, as Ref. §) gives the same rovibrational assignment, [414
two states leading to a considerable intensity transfer to sevdfall 5), for the three interacting levels. Additional calculation:
resonance line partners. This intensity transfer seems toibahe frame of the EH method were needed to identify th
confirmed both by the observation of three resonance lipessible resonance partners of the (0 1 5) bright state. Accol
partners and by the overestimation of the EH calculated inteng to Ref. §), two highly excited bending states (0 6 3) at
sities of the transitions involving the [414] (0 1 5) level (see
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FIG. 3. Comparison of the overview of the, + 5v; band of HDO
FIG. 2. Comparison of the HDO stick absorption spectrum in the 16 498absorption spectrum. (a) Synthetic spectrum obtained in the effective Ham
16 536 cm* spectral region. (a) Stick spectrum extracted from the ICLASonian (EH) approach. (b) Calculated spectrum predicted byathenitio
spectrum. (b) Calculated spectrum provided by R8f.1f this region, most of calculations of Ref.5). (c) Stick spectrum retrieved from the ICLAS data. The
the transitions belong to thev2 + 4v, band except six lines, labeled in bold absolute intensities were obtained after normalization of the experimental d:
character, for which the vibrational assignment is indicated. Two unassigreghinst the corresponding absorption intensity predickdn(the analyzed
lines are marked by “U.” region (see text).
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TABLE 4
Wavenumbers, Intensities, and Rovibrational Assignments of the Transitions of the », + 5v; Band of HDO
between 18 000 and 18 350 cm ™

Observed Intensity Upper Lower Observed Intensity Upper Lower
Wavenumber (cm*/atm) JK. K, JK. K. Wavenumber (cm*/atm) JK. K, JK. K,
(cm™) Obs. | Calc. | Ref(d) (cm™) Obs. | Cale. | Ref(5)
18006.201  3.8E-07 1.0E-07 8.7E-08 84 4 945 18120931  1.3E-06 1.3E-06 1.6E-06 413 514
18009.903 -4.2E-07  23E-07 1.6E-07 10010 11011 18123310  2.6E-07 :
18009.903 4.2E-07  2.3E-07 1.6E-07 10110 11111 **]18127.310 6.5E-07 6.6E-07 40 4 515
18022.381 4.8E-07 1.4E-07 1.1E-07 927 102 8 18128.624  9.1E-07 1.5E-06  6.8E-07 414 515
18022.381  4.8E-07 1.5E-07 1.4E-07 743 84 4 **%18128.624  9.1E-07 6.1E-07 414 515
18023.411 2.6E-07  2.1E-07 1.7E-07 91 8 1019 18129.167 2.0E-06  9.3E-07 1.2E-06 321 422
18024.898 2.3E-07 6.1E-08 6.7E-08 550 651 18129.167 2.0E-06 1.6E-06 1.9E-06 404 505
18024.898  2.3E-07 6.1E-08  6.7E-08 551 652 18130.841 8.5E-07  9.4E-07 1.2E-06 322 423
18031.592 2.3E-07 1.8E-07 1.5E-07 835 936 18137.753  1.4E-06 1.4E-06 1.8E-06 312 413
18031.871 2.3E-07 3.8E-07  3.2E-07 919 10110 18144.862 1.5E-06 1.6E-06  2.1E-06 313 414
18031.980 2.3E-07  3.8E-07  3.2E-07 909 10010 18146.073  2.2E-06 1.7E-06  2.2E-06 303 40 4
18038955 53E-07  2.0E-07  2.0E-07 642 743 18146.073 22E-06  6.7E-07  9.1E-07 220 321
18038.955 5.3E-07  2.0E-07  2.0E-07 643 74 4 18146.930  4.8E-07 1.8E-07 1.6E-07 74 4 743
18041209 5.3E-07 33E-07  29E-07 827 92 8 18147.096 9.5E-07  6.6E-07  9.1E-07 221 322
18042.613 39E-07  2.5E-07  2.2E-07 82 6 92 7 18148.260 7.4E-07  33E-07  33E-07 643 64 2
18044.945 53E-07  29E-07  2.8E-07 735 83 6 18148.713 4.7E-07  3.3E-07  3.2E-07 64 2 643
18045.158  4.3E-07 3.4E-07 3.1E-07 817 918 18149.365 6.9E-07  5.7E-07  6.1E-07 542 541
18046.534  3.1E-07 18149.454 58E-07  5.7E-07  6.1E-07 541 542
18047.428 39E-07  2.8E-07  2.6E-07 73 4 835 18150.339 1.7E-06  9.4E-07 1.1E-06 440 441
18047.710  2.9E-07 18150.339 1.7E-06  9.4E-07 1.1E-06 441 440
18053.027 5.3E-07 5.8E-07 5.4E-07 818 919 18154.421 14E-06 1.3E-06 1.8E-06 211 312
18053.239  5.7E-07 5.8E-07 5.4E-07 80 8 909 18160.690  1.5E-06 1.4E-06 1.9E-06 212 313
18055.741 6.1E-07  22E-07  2.4E-07 541 642 18161.897 1.6E-06 1.6E-06  2.2E-06 202 303
18055.741 6.1E-07  22E-07  2.4E-07 542 64 3 18164.592  3.1E-07 1.6E-07 1.4E-07 735 73 4
18060.753 5.7E-07  49E-07  4.8E-07 726 827 18166229  2.3E-07 1.6E-07 1.6E-07 625 62 4
18061.153 4.9E-07  4.1E-07  3.9E-07 725 826 18169.758 34E-07  29E-07  3.0E-07 634 633
18062.524 48E-07  4.0E-07  4.2E-07 63 4 735 18171.149 9.1E-07  8.8E-07 1.2E-06 110 211
18063.206 4.3E-07  4.0E-07  4.1E-07 633 73 4 18172.766 4.7E-07  5.2E-07 5.7E-07 533 532
18065914  5.3E-07 5.3E-07 5.2E-07 716 817 18174.460 74E-07  8.8E-07 1.0E-06 432 431
18070.432  3.3E-07 18175212 74E-07  8.8E-07 1.0E-06 431 432
18072.443  5.8E-07 1.7E-07  2.0E-07 441 542 18175.527 1.5E-06 1.5E-06 1.9E-06 331 330
18072.443  S.8E-07 1.7E-07  2.0E-07 440 54 1 18175.621 1.7E-06  5.1E-07 5.6E-07 532 533
18073.226  9.8E-07 8.3E-07 84E-07. 717 818 18175.621  1.7E-06 1.5E-06 1.9E-06 330 331
18073.612  9.8E-07 8.3E-07 8.5E-07 707 80 8 18175935 8.0E-07  9.2E-07 1.3E-06 111 212
18078.024  4.9E-07 1.0E-07 8.5E-08 762 76 1 18177424 1.1E-06 1.3E-06 1.8E-06 101 202
18078.024  4.9E-07 1.0E-07 8.5E-08 761 762 18177.667 23E-07 28E-07  28E-07 633 63 4
18078.628 8.0E-07  6.0E-07  6.3E-07 62 4 725 18177.997 3.7E-07  3.0E-07  3.3E-07 524 523
18079.016  6.4E-07 1.8E-07 1.7E-07 661 66 0 18182.287 2.0E-07 1.4E-07 1.3E-07 73 4 735
18079.016  6.4E-07 1.8E-07 1.7E-07 66 0 66 1 18184.770 3.6E-07 29E-07  3.7E-07 313 312
18079.366 9.8E-07  6.8E-07  7.3E-07 625 72 6 18186.003 6.4E-07  5.3E-07  6.4E-07 423 422
18079.649 1.2E-06  49E-07 5.5E-07 532 633 18190.797 9.8E-07  9.2E-07 1.2E-06 322 321
18079.649 12E-06  4.9E-07 5.5E-07 533 63 4 18192.926 9.1E-07  7.3E-07 1.0E-06 000 101
18085.423  8.5E-07  7.7E-07 7.8E-07 615 716 18193.190 1.6E-06 1.6E-06  2.2E-06 221 220
18092.493 1.3E-06 1.1E-06 1.2E-06 616 717 18194.186  1.7E-06 1.6E-06  2.2E-06 220 221
18093.022 1.1E-06 1.1E-06 1.1E-06 606 707 18195582 9.8E-07  9.0E-07 1.2E-06 321 322
*18093.439  3.7E-07 1.5E-07 652 707 18198956 2.0E-07 4.2E-08  3.1E-08 817 73 4
18095.515 1.1E-06 8.0E-07 9.1E-07 523 624 18199.209  6.9E-07 5.1E-07 6.2E-07 42 2 42 3
18096.291  64E-07 5.1E-07 6.1E-07 431 532 18201.573  1.4E-06 1.0E-06 1.4E-06 111 110
18096.479 " 6.9E-07 5.0E-07  6.1E-07 432 533 18205.447 3.6E-07  29E-07  32E-07 523 52 4
18097.131 1.1E-06  8.6E-07 1.0E-06 52 4 625 18207.537 1.4E-06 1.0E-06 1.5E-06 110 111
18098.413  2.6E-07 18210.285 32E-07 9.7E-08  8.9E-08 652 551
18103.647 9.5E-07 1.0E-06 1.2E-06 514 615 18210.285 3.2E-07 9.7E-08  8.7E-08 651 550
18110.755 1.2E-06 1.4E-06 1.6E-06 515 616 18212.772 9.1E-07  52E-07  7.1E-07 211 212
18111.321 19E-07  6.1E-08 5.1E-08 60 6 625 18213.864 28E-07 1.6E-07 1.7E-07 62 4 625
18111.659 1.2E-06 1.4E-06 1.7E-06 505 606 18220.340 53E-07  3.2E-07  4.2E-07 312 313
18112272 95E-07  9.4E-07 1.2E-06 422 523 18223.588 1.3E-06  7.9E-07 1.1E-06 101 000
18112.979 5.0E-07  3.8E-07  4.8E-07 330 431 18224.736  4.1E-07 1.3E-07 1.0E-07 753 652
18113.089 4.9E-07  3.7E-07  4.8E-07 331 432 18224.736  4.1E-07 1.3E-07 1.0E-07 752 651
18114.235 8.5E-07  9.7E-07 1.2E-06 423 52 4 18227.337 49E-07 2.5E-07  2.6E-07 542 441
18115927 3.3E-07 1.5E-07 1.3E-07 753 752 18227337 49E-07  2.5E-07  2.6E-07 541 440
18116.042 3.3E-07 1.5E-07 1.3E-07 752 753 18229.779 3.1E-07  2.0E-07  2.6E-07 413 414
18117.072 4.5E-07 2.7E-07  2.6E-07 652 651 18231272  1.2E-06 1.1E-06 1.4E-06 212 It
18117.072 4.5E-07  2.7E-07  2.6E-07 651 652 18237.113 8.0E-07  5.1E-07 5.8E-07 432 331
18118.099 8.5E-07  4.6E-07  4.9E-07 550 551 18237.720 19E-06  5.1E-07  5.8E-07 431 330
18118.099 85E-07  4.6E-07  49E-07 551 550 18237720  1.9E-06 1.5E-06  2.0E-06 202 101

Note.The experimental, calculated (EH), and predic&drftensities are given in ci/atm at 296 K and correspond to pure HDO. The total calculated
and experimental line intensities were normalized to the total HDO intensity predicted irbR@feé text). T means tentative assignment. The asterisks
*), (**), and (***) mark extra lines of thev, + v, + 4v,, 6v, + 3v;, and 2, + 7v, + v, bands, respectively (see text). In the case of unresolved
multiplets, the same experimental intensity is given for the different components, while the intensities calculated from the EH or fB)rodrefsijond
to each component.
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TABLE 4—Continued

Observed Intensity Upper Lower Observed Intensity Upper Lower
Wavenumber (cm*/atm) JK. K. JK, K, Wavenumber (cm™/atm) JK, K, JK. K.
(cm™) Obs. | Cale. | Ref(5) (cm™) Obs. | Calc. | Ref(5)

18291.127  6.9E-07 7.3E-07 4.6E-07 10110 91
18254.087  1.5E-06 2.1E-06 9.1E-07 41 18291.239  8.0E-07 5.3E-07 3.9E-07 836 73
18254.545 1.8E-06 1.6E-06 2.1E-06 31 18291.488  7.4E-07 7.3E-07 4.6E-07 10010 90
18254.794  1.4E-07 18293.711  5.0E-07 4.8E-07 2.5E-07 11011 100
18256.627 4.4E-07 3.3E-07 2.8E-07 74 18293.878  8.5E-07 8.7E-07 6.6E-07 827 72
18257.789  4.5E-07 3.3E-07 2.8E-07 74 18294.088 1.3E-06 1.6E-06 1.5E-06 615 51
18259.192  1.4E-06 1.2E-06 1.4E-06 42 18294.742  1.1E-06 1.2E-06 1.2E-06 62 4 52
18259.784  2.0E-06 2.2E-06 2.5E-06 40 18301.943 1.1E-06 1.2E-06 1.1E-06 716 61

**18261.832  3.8E-07 1.4E-07 40 T18305.227 2.7E-07 4.1E-07 2.4E-07 1029 92
18262982  1.9E-06 2.2E-06 2.3E-06 51 18306.978 6.4E-07 9.1E-07 6.9E-07 817
18264.967 1.5E-06 1.4E-06 1.5E-06 52 18309.009 5.8E-07 4 8E-07 3.6E-07 835
18265.765 9.5E-07 7.7E-07 7.3E-07 63 18309.898  5.8E-07 6.2E-07 4.2E-07 9138 81
18267.810  2.0E-06 2.2E-06 2.3E-06 50 18310.692 1.0E-06 1.0E-06 8.7E-07 725
18269.709  1.9E-06 1.9E-06 2.2E-06 41 18311.620 2.5E-07 4.1E-07 2.4E-07 1019 91
18270.766  8.5E-07 7.4E-07 6.9E-07 63 18312.644  2.8E-07 2.5E-07 1.3E-07 11110 101
18271.067 1.8E-06 2.0E-06 1.9E-06 61 18324.147  6.0E-07 7.3E-07 5.6E-07 82 6 72
18273.354  5.4E-07 18324.931 24E-07 1.2E-07 1.5E-07 422 30

**%18254.087 1.5E-06 7.9E-07 41

18238.394  1.3E-06 1.0E-06 1.4E-06 211 110 18277.810  1.8E-06 1.8E-06 1.5E-06 717 61
18240.291  2.0E-07 1.4E-07 1.6E-07 514 515 18279.042  1.1E-06 6.8E-07 5.7E-07 735 63
18241.711  1.3E-06 8.2E-07 1.0E-06 321 220 18279.801  1.9E-06 1.8E-06 1.5E-06 707 60
18242.330  4.0E-07 3.4E-07 3.2E-07 642 541 18283.172  2.1E-06 1.9E-06 2.0E-06 514 41
18243.121  1.8E-06 1.7E-06 2.1E-06 313 212 18283.349  9.8E-07 1.4E-06 1.1E-06 818 71
18250.064  1.9E-06 2.0E-06 2 4E-06 303 202 18284.506  1.4E-06 1.4E-06 1.1E-06 80 8 70
18251.678  8.0E-07 7.4E-07 7.7E-07 533 432 18285.828  1.1E-06 1.1E-06 9.7E-07 726 62
18252476 1.3E-06 1.3E-06 1.5E-06 423 322 18287.776  9.5E-07 1.1E-06 7.6E-07 919 81
**18252.776  7.5E-07 6.8E-07 40 4 313 18288.383  1.1E-06 1.0E-06 7.5E-07 909 80
18253.595  8.0E-07 7.2E-07 7.6E-07 532 431 18289.529  9.1E-07 6.4E-07 5.3E-07 73 4 63

4 3

4 3

2 1
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18274.243  1.8E-06 2.0E-06 1.7E-06 606 505 T18328.119  4.4E-07 3.3E-07 22E-07 936 83

*18274.643  4.9E-07 2.6E-07 652 505 18334210 5.3E-07 4.7E-07 3.1E-07 927 82
18274984 4.9E-07 1.2E-07 616 505 18340.380  4.5E-07 2.8E-07 1.6E-07 102 8 92
18276.153  1.3E-06 1.3E-06 1.3E-06 625 524 18348902  4.5E-07 1.3E-07 1.5E-07 523 40
18277.228 1.8E-06 1.3E-06 1.4E-06 523 422

18 202 cm'and (2 7 1) at 18 163 cm could perturb thé&, = tion of the pressure dependence of this line profile. Figure
0, 1 energy levels of the (0 1 5) state. This resonance isshows the comparison between the ICLAS spectrum,atie
consequence of the relative values of the vibrational energytio predictions ), and the EH synthetic spectrum in the
and rotational constants of the three interacting states. Afteg 247-18 275 cmi spectral region, including the 43, tran-
considering the predicted energy levels of the (0 6 3) and (lsifion of thew, + 5v; band. According to Ref5), this last line

2) states §), we conclude that the rovibrational states perturlis predicted to be split into three transitions marked by th
ing the [4 1 4] (0 1 5) level should, in fact, be labeled as [404]yper arrows, while the lower arrows indicate the two expel
(0 6 3) and [414] (2 7 1) states. Indeed, we found three exf{fgental absorption lines corresponding to the above three pr
lines reaching the [404] (0 6 3) level in the recorded spectrUfi-ieqd transitions.

(seeh_TablE 54?2(1 zFig'14)|' H?we:j/er, t(;/yo mor_eh e>_<tra_f|ines The occurrence of other less pronounced resonance pert
reaching e_[ J( ) level an pre icteg) with signif- bations is revealed by significant deviations obtained for son
icant intensity were not observed in the ICLAS spectrum,

These lines correspond to theyB,, (7.9 X 10 cm */atm) of the K, = 0,_1 energy .Ievels included into the f|tt|nig. In
I e particular, the fitted vibrational term value (18 208.380 ¢m
and 4,-5;5 (6.1 X 10" cm “/atm) transitions of the (2 7 1) deviates by 0.054 cm f h | f the 1000
state predictedS) at 18 254.48 and 18 129.00 Ch respee eviates by L1054 cril from the energy vajue of the [000]
tively. As we achieved very good agreement between tﬂweevel..On the basis 9f the pre@ctlons of Re), (t appears that'
predicted §) and measured line intensities throughout thté1e slight per'Furbatlon affecting the (0 1 5) [606] sublevel is
spectrum, we examine this situation in more detail and cofiu€ to an accidental resonance with the (1 1 4) [652] subleve
clude that the above predicted lines are in fact blended with thB€ identification of this resonance which takes place for leve
similar transitions of thev, + 5v, band at 18 254.087 andWith a large difference oK, values could not have been
18 128.624 crit* (see Fig. 4). In other words, the [414] energgXpPected from the mere comparison of the vibrational terr
level of the (2 7 1) state is found in coincidence, within th&alue of the (0 1 5) and (1 1 4) states, separated by more th
experimental uncertainty limit, with that of the (0 1 5) state350 cm . It has only been possible on the basis of the predic
This accidental degeneracy may give an interesting opporturiigns of Ref. 6). Though the resonance shift of the (1 0 5) [6
for studying line mixing effects through a detailed investiged 6] energy level is rather limited, the intensity transfer i
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TABLE 5
Rotational Energy Levels (cm™) of the (0 1 5) Vibrational State of HDO

JK, K, E g o N obs.-calc A JK, K, Eps o N obs.-calc A

000 18208.434 1 0.054 0.73 643 18722.230 1 -0.008 0.59
101 18223.592 0.005 2 0.069 0.71 64 2 18722.596 0.007 2 -0.001 0.60
111 18234.065 0.004 2 -0.027 0.72 652 18826.246 0.007 2 -0.001 0.52
110 18237.339 0.006 2 -0.032 0.72 651 18826.246 0.008 2 -0.009 0.52
202 18253.227 0.001 2 0.076 0.71 66 1 18951.806 1 -0.011 0.41
212 18261.080 0.001 2 -0.017 0.79 660 18951.806 1 -0.011 0.43
211 18270.890 0.007 3 -0.033 0.71 707 18586.121 0.006 2 0.023 0.71
221 18302.472 0.013 2 -0.015 0.69 717 18586.429 0.004 2 0.022 0.71
220 18303.124 0.013 2 -0.011 0.69 716 18664.463 0.014 2 -0.006 0.68
303 * 18296.233 0.004 2 0.131 0.69 726 18670.701 0.002 2 0.009 0.65
313 18301.241 0.007 3 0.020 0.71 725 18714.242 0.001 2 0.014 0.69
312 18320.732 0.003 3 -0.028 0.71 735 18746.558 0.005 3 -0.038 0.65
322 18347.872 0.011 2 -0.015 0.69 73 4 * 18759.192 0.001 2 0.141 0.62
321 18350.975 0.005 2 0.007 0.69 74 4 18830.528 0.011 2 -0.003 0.59
331 18408.577 0.001 2 0.012 0.65 743 18831.766 0.007 2 -0.006 0.66
330 18408.650 0.006 2 0.003 0.65 753 * 18933.921 0.019 2 -0.090 0.54
40 4 * 18351.113 0.001 2 -0.126 0.75 752 18934.048 1 -0.012 0.43
414 * 18354.483 0.006 2 0.376 1.00 762 19059.152 1 0.016 0.41
413 18386.166 0.004 3 -0.022 0.71 761 19059.152 1 0.015 0.46
423 18407.868 0.003 2 -0.004 0.70 80 8 18687.667 0.001 2 0.020 0.80
42 2 18416.258 0.006 4 -0.002 0.69 818 18687.806 0.012 2 0.024 0.80
432 18470.139 0.004 3 0.005 0.65 817 18780.894 0.001 2 -0.001 0.67
431 18470.700 0.001 2 0.008 0.65 82 7 18784.305 0.001 2 0.007 0.66
441 18552.677 0.008 2 0.021 0.59 826 18844.263 0.007 2 0.027 0.74
440 18552.685 0.017 2 0.020 0.59 83 6 18868.143 1 -0.010 0.61
505 18417.970 0.004 2 -0.009 0.71 835 * 18890.977 0.007 2 0.166 0.63
515 18419.367 0.003 2 -0.059 0.71 84 4 18957.836 1 0.019 0.67
514 18466.155 0.001 3 0.001 0.68 909 18800.904 0.006 2 -0.014 1.07
524 18482.002 0.008 3 0.001 0.67 919 18800.985 0.002 2 0.008 1.07
523 18499.062 0.003 3 0.001 0.67 9138 18908.468 0.007 2 -0.010 0.72
533 18547.168 0.005 3 0.006 0.64 927 18987.298 1 0.010 0.99
532 18549.279 0.007 2 0.012 0.64 10010 18925.924 0.008 2 0.002 1.14
542 18629.627 0.004 2 0.007 0.59 10110 18925.918 1 -0.029 1.26
541 18629.704 0.007 2 0.009 0.59 101 9 19047.355 1 0.001 0.95
551 18734.066 0.002 2 -0.007 0.53 102 8 19142.024 1 -0.043 1.05
550 18734.066 0.001 2 -0.007 0.53 11011 19062.641 1 -0.006 1.76
60 6 18496.189 0.005 3 -0.046 0.81 11110 19197.708 1 0.030 1.05
616 18496.935 0.003 2 0.016 0.68 (114)

615 18559.332 0.008 2 0.006 0.66 652 18496.595 0.005 2 -0.06
625 18569.787 0.007 3 0.011 0.66 (063)

624 18598.742 0.006 3 0.011 0.67 404 18353.168 0.005 3 0.82
63 4 18639.427 0.004 3 -0.010 0.65 (271)

633 18645.175 0.006 3 -0.009 0.63 414 18354.483 0.006 2 0.39

Note.Asterisks denote the energy levels excluded from the fitindenotes the experimental uncertainty of the level intm is the number of
lines sharing the same upper levalis the difference between the experimental energy levels and the predictions ob)Ref. (

sufficient to give rise to two weak extra lines reaching the (1vibrational states. The (0 2 4) state at 16 456 tim coupled

4) [652] upper level (see Table 4). to a number of vibrational states, some of which could b
identified only by considering the results of tlab initio
CONCLUSION calculations of Schwenke and Partridge). (The effective

Hamiltonian approach applied to this interacting system he
The weak absorption bands of HDO surrounding the stroaHowed us to retrieve the effective rovibrational parameters «
ger 5, band at 16 920.02 cm have been studied in the framethe (0 2 4), (1 0 4), and (5 0 1) interacting states.
of the effective Hamiltonian model. Interestingly, the (0 1 5) Our systematic ICLAS investigation of the HDO overtone
vibrational state, which is the most excited state of HD®pectrum between 13 000 and 18 500 ¢imas proven the high
analyzed so far, is found mostly decoupled from the nearlyality of the results obtained by Schwenke and Partridge bo
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TABLE 6 in HDO, it appears that, in addition to the regular Fermi-type
Spectroscopic Constants of the resonance, high-order anharmonic interactions between t
(0 1 5) Vibrational State of HDO (Vi, V,, V,) vibrational state and\(; * 2, V, ¥ 4, V),
(in cm™) (V; £3,V, 7 6,Vy), (Vix1,V,+3,VsF2), Vo, V, *
E, 18208.3801(900) 5,_V3 ¥ 2_), (\_/1 + 1, VZ_I 8, V; £ 2) states together With
y 19.79283(300) minor rovibrational co_uplmgs can affect the HDO rowbratlonf_i\
B 9.217575(700) energy Ieyels des_troyl_ng possible polyad struc'_[ure. Acqoun_nr
for these interactions in the frame of the effective Hamiltonial
c 5.928537(400) method is hindered by the necessity of a correct estimation
Ak 1.3194(200) x 107 rotational and centrifugal distortion constants of the high
Ak | -6.964(200) x 107 bending states. However, the rovibrational energy levels ar
Ay 5.0842(200) x 104 line intensities cou_ld be modelepl, in most cases, in the frame
3 the EH model. This well-established approach, which has tt
Ok 2.2515(200) x 10 4 advantage of being compact, has allowed us to fix some al
@‘ 2.0332(200) x 10 biguous rovibrational assignments provided in RBJ, {o test
H; 4.333(600) x 107 and confirmab initio intensity calculations, and, in certain

cases, to provide more accurate line position predictions cor
pared to Ref. §). Finally, the joint application of these two

for line positions and intensities. In particular, the deviatiorf§€oretical approaches to the spectra analysis has added to
between the observed and predicted energy levels do not sHEliability of the HDO spectra assignment and prediction.
any significant trends over the whole spectral range. In con-
trast, the highly excited regions considered in the present paper
are among the best predicted ones with an average deviation as
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