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The absorption spectrum of HDO has been recorded by Intracavity Laser Absorption Spectroscopy in the 16 300–16 6
and 18 000–18 350 cm21 spectral regions corresponding to the weak 2n2 1 4n3 andn2 1 5n3 bands, respectively. Then2 1
5n3 band centered at 18 208.434 cm21 was found almost isolated and has been satisfactorily reproduced in the frame of the
effective Hamiltonian model. On the other hand, the 2n2 1 4n3 band at 16 456.201 cm21 is strongly perturbed as the (0 2 4)
bright state is involved in a complex interaction scheme including the (1 0 4), (5 0 1), (1 5 2), and (1 11 0) states. Th
rovibrational assignment of these interacting states was greatly helped by the high-accuracyab initio predictions performed by
D. Schwenke and H. Partridge [J. Chem. Phys.000–000 (2000)]. They could be partly modeled by an effective Hamiltonian
which has allowed the assignment and reproduction of most of the observed transitions.© 2000 Academic Press
ns
sib
ns,
e
s,

-

o-
siti
ys
re o
le

ure
na
av

typ
nal
din
r
d

l to
ut

also
ensi-
, the
e
s,

y of
ding
re
am-

ose
tate

h a
ited
e

1 5)
ation

tly
es in

200
that

a ucture
s rared
a cula-
t enke
a tify

300–
y o
INTRODUCTION

The present study completes our previous investigatio
the HDO absorption spectrum in the near-infrared and vi
spectral range (1–4), by the analysis of two spectral regio
16 300–16 670 and 18 000–18 350 cm21, corresponding to th
weak 2n2 1 4n3, n1 1 4n3, and then2 1 5n3 absorption band
respectively, in the vicinity of the much more intense 5n3 band
centered at 16 920.02 cm21 (4). Effective Hamiltonian ap
proach together with the recent high-accuracyab initio calcu-
ations by Schwenke and Partridge (5) were used in the the
etical treatment of the spectra. Both positions and inten
f the HDO absorption lines were considered in the anal
ll the investigated vibrational states were found to be mo

ess perturbed by the nearby states, yielding considerab
ensity transfer in some cases.

In contrast with H2O, no definite resonance polyad struct
has been evidenced in HDO, even for low-lying vibratio
states. Resonance interactions do not show regular beh
since in addition to the strong and well-traced Fermi-
interaction (6–10), high-order anharmonic and rovibratio
couplings between states with large difference of ben
quantum numbers have been observed (2, 3, 9). These latte
nteractions seem to be even stronger in HDO compare

2O molecule and its symmetric isotope species (11) since the
v1 (2824 cm21) harmonic frequency of HDO is nearly equa
2v2 (2888 cm21), while in H2O, these values differ by abo

50 cm21.

1 On leave from the Institute of Atmospheric Optics, Russian Academ
ciences, Tomsk, 634055, Russia.
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The analysis of the HDO absorption spectrum has
proved that high-order anharmonic couplings are rather s
tive to the excitation of the bending mode. For instance
sequences of the (V1 0 0) and (0 0V3) stretching levels hav
been found to be well-isolated (1, 4), though in some case
highly excited bending states could be found in the vicinit
them. In contrast, combination states involving one ben
excitation such as (V1 1 0) and (0 1V3) appear to be mo
subject to interactions: the (2 0 0) vibrational state, for ex
ple, is slightly perturbed by the other nearby states (10), while
theKa # 2 levels of the (2 1 0) state are half-mixed with th
of the (0 5 0) state (9). Another case concerns the (0 0 4) s
which can be considered as isolated at least up toJ 5 9 (1),
while the (0 1 4) state is dramatically perturbed throug
complex interaction scheme involving the two highly exc
bending states, (1 4 2) and (0 12 0) (2). In the present paper, w
will report the analysis of the rotational structure of the (0
state which corresponds to one additional bending excit
compared to the well-isolated (0 0 5) state (4). In fact, our
analysis will show that the (0 1 5) state is only sligh
perturbed by the nearby (0 6 3) and (2 7 1) vibrational stat
contrast with the situation found for the (0 1 4) state.

The study of the highly excited HDO states above 13
cm21 (1–4) together with data presented in this paper show

ccidental resonances more than a general polyad str
eem to rule the HDO absorption spectrum in the near-inf
nd visible ranges. In this context, the high accurate cal

ions of the HDO absorption spectrum performed by Schw
nd Partridge (5) have proven to be highly valuable to iden

these casual interactions. The present analysis of the 16
f
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95SPECTRAL REGIONS OF HDO ABSORPTION SPECTRUM
16 670 cm spectral region, corresponding to the 2n2 1 4n3

andn1 1 4n3 perturbed bands, will give more opportunity
prove the importance and the quality of these predictions

EXPERIMENTAL

Intracavity laser absorption spectroscopy (ICLAS) is
experimental method particularly well suited to explore la
spectral regions with a routine sensitivity better than 1028 cm21

(12). The cell filled with a 1:1 mixture of H2O:D2O was
inserted in the laser cavity. In the present experiments, we
our standard standing-wave dye laser (12, 13). Dye solutions o
Rhodamine 590 and Rhodamine 560 were used to recor
spectra in the 16 300–16 670 and 18 000–18 350 cm21 re-

ions, respectively. The data acquisition system and the
edure used for wavenumber calibration have been previ
escribed (1–4). The spectral calibration uses as refere
bsorption lines provided by an iodine cell inserted betw

he laser and the spectrograph (14). We estimate the measur
avenumbers to be precise to within 0.01 cm21 as confirme
y the ground state combination differences provided by

ollowing rotational analysis and by the agreement obse
or the H2O lines with the values given in Refs. (15) and (16).
he relative intensities of the lines were roughly estim

rom the peak depth of each line. Despite its limited accur
his information will prove to be highly valuable in the spec
ssignment process.

RESULTS AND DISCUSSION

A. The 2n2 1 4n3 and n1 1 4n3 Bands

One hundred ninety-nine lines observed in the 16 3
16 670 cm21 spectral region were assigned to HDO and
listed in Table 1. They belong mainly to the 2n2 1 4n3 and
n1 1 4n3 bands centered at 16 456.201 and 16 539.04 c21,
respectively. The rovibrational assignment was performe
the basis of the predictions performed by Schwenke and
tridge (5), which are particularly accurate (average deviatio
20.06 cm21) in this specific region. A comparison of the st
spectrum retrieved from the experiment with the predi
spectrum of Ref. (5) is shown in Fig. 1. The weakness of
spectrum under study, with the strongest lines not excee
2.83 1026 cm22/atm, hindered unambiguous assignment o
weakest lines not included into combination differences
nally, 135 observed lines were attributed to the stronger 2n2 1
4n3 band, while 42 lines were assigned to the weakern1 1 4n3

band. Nine more transitions borrowing their intensities thro
resonance intensity transfer could be assigned to the (5 0 1
(1 11 0) states (vibrational labeling of Ref. (5)). Thirteen wea
lines (7%) remain unassigned.

Similarly to our previous studies, the experimental rela
intensities were normalized to the absolute intensity pred
in Ref. (5) by considering the sum of the intensities of
Copyright © 2000 by
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assigned lines. As a result of this normalization proced
71% of the measured line intensities could be compared w
20% with their predicted values. The total experimental in
sity of the 2n2 1 4n3 band was calculated to be 1.073 1024

cm22/atm in close agreement with its predicted (5) value of
1.183 1024 cm22/atm, while the total measured absorption
then1 1 4n3 band (1.273 1025 cm22/atm) is considerably le
than predicted (3.353 1025 cm22/atm), indicating that man
transitions of this weak band were not detected. The 2n2 1 4n3

band has exclusivelya-type character, while then1 1 4n3 band
has a hybrid character with a predicteda:b intensity ratio o
1:1.7. The observed line centers, experimental and pred
(5) intensities, and rovibrational assignments are include
Table 1. The 104 experimental energy levels obtained from
observed transitions by adding the corresponding experim
levels of the ground state (17) appear in Table 2, with th
experimental uncertainty and the deviation from their pred
(5) values.

Energy considerations indicate that the (0 2 4) vibrati
state under study (En 5 16 456 cm21) may strongly interac
with three other nearby states: (1 0 4) at 16 539 cm21, (5 0 1)

t 16 482 cm21, and (1 5 2) at 16 450 cm21. According to Ref
(5), one more state, (1 11 0), predicted more than 40021

below the above states (En 5 16 049 cm21), may also pertur
the (0 2 4) state since many lines involving its rotatio
sublevels are predicted with noticeable intensity in the
lyzed spectral region. To confirm and extend our rovibrati
assignments, we tried to fit the observed energy levels o
five above states, in the frame of the effective Hamilto
(EH) model in the Pade´–Borel representation (18, 19). It ap-
peared to be rather easy to account for the (0 2 4)–(1 0
0 1) interactions: the rotational levels of the (0 2 4) and (1
states withKa $ 3 strongly interact via Fermi resonance, wh
a high-order anharmonic interaction strongly connects som
the Ka 5 1, 2 levels of the (0 2 4) and (5 0 1) stat

ixty-eight of the 104 observed levels, including two ene
evels of the (5 0 1) dark state, could be fitted using
nteraction scheme with an rms deviation of 0.030 cm21. The
fitted values of the rovibrational parameters obtained for th
2 4), (1 0 4), and (5 0 1) states are presented in Table 3
important result of the fitting is that the center of then1 1 4n3

band could be retrieved at 16 539.042(16) cm21 despite the fac
that the energy of the (1 0 4) [000] level could not be ex
imentally determined. Note that all theKa 5 0, 1 energy level
of the (0 2 4) state were excluded from the fit (see Tabl
They are indeed affected by an extra interaction (see be
which makes them deviate significantly (up to 1.6 cm21) from
their EH predicted values. The mixing coefficients calcul
in the EH approach for the highKa levels indicate that th
vibrational assignment given in Ref. (5) for some of thes
levels should be interchanged between the (1 0 4) and (0
states. This reassignment is confirmed by the fact tha
stronger lines correspond now to the 2n2 1 4n3 band, while
weaker lines belong to then1 1 4n3 band.
Academic Press
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96 CAMPARGUE, BERTSEVA, AND NAUMENKO
TABLE 1
Wavenumbers, Intensities, and Rovibrational Assignments of the HDO Absorption Lines between 16 300 and 16 670 cm21

Note. The experimental and predicted (5) intensities are given in cm22/atm at 296 K and correspond to pure HDO. The total experim
bsorption of HDO is normalized to that predicted in Ref. (5) (see text). T means tentative assignment. Lines blended by H2

16O lines are marke
b). In the case of unresolved multiplets, the same experimental intensity is given for the different components, while the intensities fro5)

correspond to each component. Some lines in the high-frequency edge of the observed spectrum belonging to the 5n3 band were excluded from t
list.
Copyright © 2000 by Academic Press
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97SPECTRAL REGIONS OF HDO ABSORPTION SPECTRUM
At the second step, we tried to fit all the observed en
levels using an interacting scheme involving the five vi
tional states. As a result, we found that theKa 5 0, 1 energy
evels of the (0 2 4) state strongly interact both thro

TABLE 1
Copyright © 2000 by
y
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h

anharmonic and rovibrational resonances with the (1 5 2
(1 11 0) highly excited bending states. This resonance sc
is very similar to that affecting the (0 1 4) state for which
Ka 5 0, 1 levels were found to be perturbed by the (1 4 2)

ontinued
—C
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98 CAMPARGUE, BERTSEVA, AND NAUMENKO
(0 12 0) states (2). The occurrence of such high-order re
nance interactions in HDO molecule has been already
cussed in Ref. (2). Though the perturbations observed for
Ka 5 0, 1 sublevels of the (0 2 4) are large, we could iden
only two additional levels, at 16 545.814 and 16 602.502 c21,
observed through six additional lines, which borrow their
tensity from the corresponding line partners of the 2n2 1 4n3

band. Considering the limited experimental information r
tive to the (1 5 2) and (1 11 0) dark states, the difficulty
estimate reasonably the unperturbed rotational constan
these states, our attempts to perform a complete fit of a
observed energy levels were not satisfactory enough
presented here. However, the EH calculations suggest th
two above additional energy levels, assigned in Ref. (5) as (0
2 4) [303] and (0 2 4) [414] levels, respectively, should be
fact, reassigned to (1 11 0) [313] and (1 11 0) [414], res
tively.

Figure 2 shows the excellent agreement between th
served and predicted (5) spectra between 16 498 and 16
m21. Five lines of the 5n1 1 n3 andn1 1 11n2 bands borrow-

ng their intensities through resonance transfer are indica

. Then2 1 5n3 Band

Then2 1 5n3 band centered at 18 208.434 cm21 is the mos
xcited overtone transition of HDO analyzed so far. It
ather weak band of exclusivelya type with line intensities no
xceeding 2.23 1026 cm22/atm. Overall, 173 absorption lin
ere attributed to the HDO species in the 18 000–18 35021

spectral region. Most of the observed transitions belong t

FIG. 1. Comparison of the overview of the HDO absorption spec
between 16 300 and 16 670 cm21. (a) Stick spectrum retrieved from the ICLA
pectrum. The absolute intensities were obtained after normalization
xperimental data against the corresponding absorption intensity predic5)

in the analyzed region (see text). (b) Calculated spectrum predicted byab
initio calculations of Ref. (5). Some lines in the high-frequency edge of
spectrum belonging to the 5n3 band were excluded both from the obser
spectrum and from the predicted spectrum (5).
Copyright © 2000 by
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n2 1 5n3 band, while seven transitions borrowing their int-
ities through resonance interaction with the main band inv
otational sublevels of the (1 1 4) state and the (0 6 3) an

1) highly excited bending states. As in the above ana
ine positions and intensity calculations within the effec
amiltonian (EH) approach, together with the high-accu
b initio predictions of Ref. (5), were systematically used in t

dentification process.
The experimental intensities were normalized agains

bsolute values predicted in Ref. (5), as described above. In t
etermination of the normalizing factor, 64% of the meas

ine intensities were compared with their predicted (5) values
ielding an average agreement of 16%. Figure 3 show
verview of the observed, simulated (EH), and predicted5)
pectrum of then2 1 5n3 band. The list of the 173 measur

line positions, the corresponding experimental, calculated
below), and predicted (5) intensities followed by the rotation
assignment is presented in Table 4. Except for seven
lines (4%), all the transitions could be rovibrationally assig

The experimental energy levels of the (0 1 5) vibratio
state are gathered in Table 5. The theoretical treatment o
observed line positions and intensities show that the reso
interactions of the (0 1 5) state with the nearby states
surprisingly weak compared to the (0 1 4) situation. It all
in a good approximation, the (0 1 5) state to be treated a
isolated vibrational state. Finally, 74 of the 80 experime
energy levels could be reproduced within 0.024 cm21 by the
EH. This rms deviation is significantly larger than the exp
mental accuracy on the energy levels (0.004 cm21 for the levels
obtained from combination differences of two or more lin
The deviations of the observed energy levels from their c
lated (EH) and predicted (5) values are also given in Table
for comparison. It is interesting to note that Ref. (5) predicts
he energy levels of the (0 1 5) state with a nearly constant
f 0.7 cm21 up toJ 5 8, while the deviations increase up to
m21 for J 5 11. The fitted values of the rotational a

centrifugal distortion parameters are listed in Table 6.
The rovibrational wavefunctions obtained from the ene

level fittings were then used to derive two transition mom
parameters (m1 5 2.455(40)3 1025 D andm2 5 5.48(60)3

028 D) from the fitting to the normalized experimental int-
sities of 74 unblended lines. These parameters provid
average accuracy of 11% in the reproduction of the input
The line intensities calculated with these transition mom
parameters are included in Table 4. The total calculated
intensity is 1.473 1024 cm22/atm in agreement with a pr-
dicted (5) value of 1.563 1024 cm22/atm. Figures 3 and
show a comparison of the observed, calculated, and pred
(5) spectra for the whole and an expanded regions, re
tively.

Among the six perturbed energy levels excluded from th
five deviate from their unperturbed positions by less than
cm21, while the [4 1 4] level is shifted by10.38 cm21. This las
level is the only one for which the assignment of the pertur

he
(

Academic Press
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99SPECTRAL REGIONS OF HDO ABSORPTION SPECTRUM
TABLE 2
Rotational Energy Levels (cm21) of the (0 2 4), (1 0 4), (1 11 0), and (5 0 1) Vibrational States of HDO

Note.Asterisks denote the energy levels excluded from the fitting.s denotes the experimental uncertainty of the level in cm21. N is the
umber of lines sharing the same upper level.D is the difference between the experimental and predicted (5) values of the energy.
Copyright © 2000 by Academic Press
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100 CAMPARGUE, BERTSEVA, AND NAUMENKO
could be supported by the observation of extra lines. Accor
to the predictions of Ref. (5), this energy level is perturbed
two states leading to a considerable intensity transfer to se
resonance line partners. This intensity transfer seems
confirmed both by the observation of three resonance
partners and by the overestimation of the EH calculated i
sities of the transitions involving the [414] (0 1 5) level (

TAB
Spectroscopic Constants of the (0 2 4), (1 0 4),

Note.All the energy levels of the (0 2 4) state withKa 5
0) states, were excluded from the fit. Parameters presen
of the (1 2 0) state (10) for the (0 2 4) and the values of t

FIG. 2. Comparison of the HDO stick absorption spectrum in the 16 4
6 536 cm21 spectral region. (a) Stick spectrum extracted from the IC

spectrum. (b) Calculated spectrum provided by Ref. (5). In this region, most o
the transitions belong to the 2n2 1 4n3 band except six lines, labeled in bo
character, for which the vibrational assignment is indicated. Two unass
lines are marked by “U.”
Copyright © 2000 by
g
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Fig. 4). The vibrational assignment of the perturbers is d
cult, as Ref. (5) gives the same rovibrational assignment, [4
(0 1 5), for the three interacting levels. Additional calculati
in the frame of the EH method were needed to identify
possible resonance partners of the (0 1 5) bright state. Ac
ing to Ref. (5), two highly excited bending states (0 6 3)

3
d (5 0 1) Vibrational States of HDO (in cm21)

, greatly perturbed by interaction with the (1 5 2) and (1 11
without confidence interval were fixed to the correspondent values

(0 0 4) state (1) for the (1 0 4) and (5 0 1) states.

–

ed

FIG. 3. Comparison of the overview of then2 1 5n3 band of HDO
absorption spectrum. (a) Synthetic spectrum obtained in the effective H
tonian (EH) approach. (b) Calculated spectrum predicted by theab initio
calculations of Ref. (5). (c) Stick spectrum retrieved from the ICLAS data. T
absolute intensities were obtained after normalization of the experimenta
against the corresponding absorption intensity predicted (5) in the analyze
region (see text).
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101SPECTRAL REGIONS OF HDO ABSORPTION SPECTRUM
TABLE 4
Wavenumbers, Intensities, and Rovibrational Assignments of the Transitions of the n2 1 5n3 Band of HDO

between 18 000 and 18 350 cm21

Note.The experimental, calculated (EH), and predicted (5) intensities are given in cm22/atm at 296 K and correspond to pure HDO. The total calcu
and experimental line intensities were normalized to the total HDO intensity predicted in Ref. (5) (see text). T means tentative assignment. The aste
(*), (**), and (***) mark extra lines of then1 1 n2 1 4n3, 6n2 1 3n3, and 2n1 1 7n2 1 n3 bands, respectively (see text). In the case of unres
multiplets, the same experimental intensity is given for the different components, while the intensities calculated from the EH or from Ref. (5) correspon
to each component.
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102 CAMPARGUE, BERTSEVA, AND NAUMENKO
18 202 cm21 and (2 7 1) at 18 163 cm21 could perturb theKa 5
0, 1 energy levels of the (0 1 5) state. This resonance
consequence of the relative values of the vibrational en
and rotational constants of the three interacting states.
considering the predicted energy levels of the (0 6 3) and
2) states (5), we conclude that the rovibrational states pert
ing the [4 1 4] (0 1 5) level should, in fact, be labeled as [4
(0 6 3) and [414] (2 7 1) states. Indeed, we found three
lines reaching the [404] (0 6 3) level in the recorded spec
(see Table 5 and Fig. 4). However, two more extra l
reaching the [414] (2 7 1) level and predicted (5) with signif-
icant intensity were not observed in the ICLAS spectr
These lines correspond to the 414–313 (7.9 3 1027 cm22/atm)
and 414–515 (6.1 3 1027 cm22/atm) transitions of the (2 7
state predicted (5) at 18 254.48 and 18 129.00 cm21, respec-
ively. As we achieved very good agreement between
redicted (5) and measured line intensities throughout

spectrum, we examine this situation in more detail and
clude that the above predicted lines are in fact blended wit
similar transitions of then2 1 5n3 band at 18 254.087 an
18 128.624 cm21 (see Fig. 4). In other words, the [414] ene
level of the (2 7 1) state is found in coincidence, within
experimental uncertainty limit, with that of the (0 1 5) st
This accidental degeneracy may give an interesting opport
for studying line mixing effects through a detailed invest

TABLE 4
Copyright © 2000 by
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tion of the pressure dependence of this line profile. Figu
shows the comparison between the ICLAS spectrum, thab
initio predictions (5), and the EH synthetic spectrum in
18 247–18 275 cm21 spectral region, including the 414–313 tran-
sition of then2 1 5n3 band. According to Ref. (5), this last line
is predicted to be split into three transitions marked by
upper arrows, while the lower arrows indicate the two ex
imental absorption lines corresponding to the above three
dicted transitions.

The occurrence of other less pronounced resonance p
bations is revealed by significant deviations obtained for s
of the Ka 5 0, 1 energy levels included into the fitting.
particular, the fitted vibrational term value (18 208.380 cm21)
deviates by 0.054 cm21 from the energy value of the [00
level. On the basis of the predictions of Ref. (5), it appears tha
the slight perturbation affecting the (0 1 5) [606] subleve
due to an accidental resonance with the (1 1 4) [652] subl
The identification of this resonance which takes place for le
with a large difference ofKa values could not have be
expected from the mere comparison of the vibrational
value of the (0 1 5) and (1 1 4) states, separated by more
350 cm21. It has only been possible on the basis of the pre-
tions of Ref. (5). Though the resonance shift of the (1 0 5
0 6] energy level is rather limited, the intensity transfe

ontinued
—C
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103SPECTRAL REGIONS OF HDO ABSORPTION SPECTRUM
sufficient to give rise to two weak extra lines reaching the
4) [652] upper level (see Table 4).

CONCLUSION

The weak absorption bands of HDO surrounding the s
ger 5n3 band at 16 920.02 cm21 have been studied in the fram
of the effective Hamiltonian model. Interestingly, the (0 1
vibrational state, which is the most excited state of H
analyzed so far, is found mostly decoupled from the ne

TAB
Rotational Energy Levels (cm21) of

Note.Asterisks denote the energy levels excluded from the fittings d
lines sharing the same upper level.D is the difference between the ex
Copyright © 2000 by
1

n-

)

y

vibrational states. The (0 2 4) state at 16 456 cm21 is coupled
to a number of vibrational states, some of which could
identified only by considering the results of theab initio
calculations of Schwenke and Partridge (5). The effective
Hamiltonian approach applied to this interacting system
allowed us to retrieve the effective rovibrational paramete
the (0 2 4), (1 0 4), and (5 0 1) interacting states.

Our systematic ICLAS investigation of the HDO overto
spectrum between 13 000 and 18 500 cm21 has proven the hig
quality of the results obtained by Schwenke and Partridge

5
(0 1 5) Vibrational State of HDO

tes the experimental uncertainty of the level in cm21. N is the number of
imental energy levels and the predictions of Ref. (5).
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104 CAMPARGUE, BERTSEVA, AND NAUMENKO
for line positions and intensities. In particular, the deviat
between the observed and predicted energy levels do not
any significant trends over the whole spectral range. In
trast, the highly excited regions considered in the present
are among the best predicted ones with an average deviat
low as20.06 cm21 in the 16 300–16 670 cm21 region.

As a general comment concerning the anharmonic coup

TABLE 6
Spectroscopic Constants of the

(0 1 5) Vibrational State of HDO
(in cm21)

FIG. 4. Comparison of the HDO stick absorption spectrum in the
pectrum. (b) Calculated spectrum provided by theab initio calculations o
requencies were decreased by 0.7 cm21. (c) Synthetic spectrum obtained
unperturbed transition of then2 1 5n3 band which is predicted (5) split into t
1) vibrational states. The lower arrows indicate the two observed lines co
lines (E) are observed in agreement with Ref. (5). The only observed transiti
by “U.”
Copyright © 2000 by
s
ow
n-
er
as

gs

in HDO, it appears that, in addition to the regular Fermi-t
resonance, high-order anharmonic interactions betwee
(V1, V2, V3) vibrational state and (V1 6 2, V2 7 4, V3),
(V1 6 3, V2 7 6, V3), (V1 6 1, V2 6 3, V3 7 2), (V1, V2 6

, V3 7 2), (V1 6 1, V2 7 8, V3 6 2) states together wi
minor rovibrational couplings can affect the HDO rovibratio
energy levels destroying possible polyad structure. Accou
for these interactions in the frame of the effective Hamilto
method is hindered by the necessity of a correct estimati
rotational and centrifugal distortion constants of the h
bending states. However, the rovibrational energy levels
line intensities could be modeled, in most cases, in the fram
the EH model. This well-established approach, which ha
advantage of being compact, has allowed us to fix some
biguous rovibrational assignments provided in Ref. (5), to tes
and confirmab initio intensity calculations, and, in certa
ases, to provide more accurate line position predictions
ared to Ref. (5). Finally, the joint application of these tw

heoretical approaches to the spectra analysis has added
eliability of the HDO spectra assignment and prediction.

ACKNOWLEDGMENTS

O. Naumenko thanks the University Joseph Fourier of Grenoble for the V
Professorship, during which this work was carried out, and acknowledges a

247–18 275 cm21 spectral region. (a) Stick spectrum extracted from the IC
ef. (5). For easier comparison with the experimental data, all the pred

the effective Hamiltonian (EH) approach. The upper arrows mark the14–313

e components due to resonance interaction with levels of the (0 6 3) a
sponding to the above three predicted transitions (see text). Two more identified extra
ftype is also marked (B). One unassigned line (may be due to H2O) is marked
18
f R
from
hre
rre
on ob
Academic Press



the financial support from the Russian Foundation for Basic Researches, Grant
pec
acc

.

M.

10. A. D. Bykov, O. V. Naumenko, T. M. Petrova, L. N. Sinitsa, and B. A.

.

ards,
chr-
. V.

si,

,
.

, A.
.

105SPECTRAL REGIONS OF HDO ABSORPTION SPECTRUM
99-03-33210. The expert help of G. Weirauch during the recording of the s
is also acknowledged. We are grateful to D. Schwenke and H. Partridge for
to the results of their HDO calculations before publication.

REFERENCES

1. O. Naumenko, E. Bertseva, and A. Campargue,J. Mol. Spectrosc.197,
122–132 (1999).

2. O. Naumenko and A. Campargue,J. Mol. Spectrosc.199,59–72 (2000)
3. O. Naumenko, E. Bertseva, A. Campargue, and D. Schwenke,J. Mol.

Spectrosc.201,297–309 (2000).
4. E. Bertseva, O. Naumenko, and A. Campargue,203,28–36 (2000).
5. D. Schwenke and H. Partridge,J. Chem. Phys.,in press.
6. A. Perrin, J.-M. Flaud, and C. Camy-Peyret,J. Mol. Spectrosc.112,

156–162 (1985).
7. A. Perrin, J.-M. Flaud, and C. Camy-Peyret,Can. J. Phys.64, 736–742

(1986).
8. T. Ohshima and H. Sasada,J. Mol. Spectrosc.136,250–263 (1989).
9. A. D. Bykov, O. V. Naumenko, L. N. Sinitsa, B. P. Winnewisser,

Winnewisser, P. S. Ormsby, and K. Narahari Rao,SPIE2205,248–252
(1993).
Copyright © 2000 by
tra
ess

Voronin, Atmos. Oceanic. Opt.19, 1281–1289 (1999).
11. A. D. Bykov, O. V. Naumenko, and L. N. Sinitsa,Atmos. Opt.3, 1015–

1025 (1990).
12. M. Herman, J. Lie´vin, J. Van der Auwera, and A. Campargue,Adv. Chem

Phys.108,1–431 (1999).
13. A. Campargue, M. Chenevier, and F. Stoeckel,Spectrochim. Acta Rev.13,

69–88 (1990).
14. S. Gerstenkorn and P. Luc, “Atlas du Spectre d’Absorption de la Mole´cule

d’Iode,” Edition du CNRS, Paris, 1978.
15. L. S. Rothman, C. P. Rinsland, A. Goldman, S. T. Massie, D. P. Edw

J.-M. Flaud, A. Perrin, C. Camy-Peyret, V. Dana, J.-Y. Mandin, J. S
oeder, A. McCann, R. R. Gamache, R. B. Wattson, K. Yoshino, K
Chance, K. W. Jucks, L. R. Brown, V. Nemtchinov, and P. VaranaJ.
Quant. Spectrosc. Radiat. Transfer60, 665–710 (1998).

16. M. Carleer, A. Jenouvrier, A.-C. Vandaele, P. F. Bernath, M. F. Me´rienne
R. Colin, N. F. Zobov, O. L. Polyansky, and J. Tennyson,J. Chem. Phys
111,2444–2450 (1999).

17. R. Toth,J. Mol. Spectrosc.162,20–40 (1993).
18. O. L. Polyansky,J. Mol. Spectrosc.112,79–87 (1985).
19. J.-M. Flaud, C. Camy-Peyret, A. Bykov, O. Naumenko, T. Petrova

Scherbakov, and L. N. Sinitsa,J. Mol. Spectrosc.183,300–309 (1997)
Academic Press


	INTRODUCTION
	EXPERIMENTAL
	RESULTS AND DISCUSSION
	TABLE 1
	FIG. 1
	TABLE 2
	TABLE 3
	FIG.2
	FIG. 3
	TABLE 4
	TABLE 5

	CONCLUSION
	TABLE 6
	FIG. 4

	ACKNOWLEDGMENTS
	REFERENCES

