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An absorption spectrum has been recorded in the 1.9 m range of a mixture of H2
16O, 

H2
18O, and H2

17O by a UFS-02 Fourier spectrometer. Individual line positions were 
determined at an accuracy of 0.005 cm–1. This spectrum is analyzed to retrieve the vi-
brational-rotational energy levels, rotational and centrifugal constants for the vibra-
tional state (011). 

 
 

The study of the absorption spectra of the iso-
tope-substituted molecule H2

17O (as well as those of 
other isotopic derivatives of water — H2

18O and 
HDO) is important for solving certain problems of 
atmospheric optics. Indeed, even at those low at-
mospheric concentrations such as this isotope has 
(0.00037) its lines may affect absorption in various 
transparency windows and microwindows. Therefore, 
the spectral parameters of the H2

17O lines are listed in 
modern atmospheric line absorption atlases.1 

The absorption spectra of H2
17O are not presently 

known in sufficient detail. For example, its rotational 
spectrum was studied in Ref. 2, the 2 absorption 
band — in Ref. 3, and the bands 22, 1, and 3 formed 
by transitions to various states from the first triad of 
interacting vibrational states — in Ref. 4. In Ref. 5 
the vibrational-rotational energy levels belonging to the 
second triad were determined from an analysis of that 
molecule’s spectrum in the 1.9 m range. Reference 6 
analyzes its absorption spectrum in the 1.4 m range 
and energy levels of its (200) and (101) states. In Refs. 5 
and 6 the H2

17O absorption spectra were recorded using 
a classical diffraction grating spectrometer with a 
spectral resolution of 0.05–0.07 cm–1. 

This paper revises absorption spectra of the Í2
17O 

vapor around 1.9 m at the higher resolution provided 
by a high-precision Fourier-spectrometer. The ob-
served spectra are theoretically analyzed. 

1. Absorption spectra were recorded at room 
temperature (295 K) using the experimental setup 
described in Ref. 7. It includes a UFS-02 Fou-
rier-spectrometer, a White multipass gas cell with a 
baselength of 125 cm, and an IVK-8 measur-
ing-computing complex. To obtain the needed con-
centration of H2

1?O vapor in the cell, we used a 
standard sample provided by the All-Union Society 
"Izotop", consisting of a mixture of H2

16O, H2
17O, and 

H2
18O, enriched with 17) and 18O, with a content of the 

principal substance 99.99%. Therefore, the H2
17O lines 

were recorded against the background of the principal 
isotopic modification of water H2

16O and the isotope, 
making possible additional estimates of the accuracy of 

the line position measurements for the H2
17O molecule 

by simply comparing the actually measured line po-
sitions and the published data. 
 

TABLE I. 
 
Energy levels of the states (011) and (110) of the 
H2

17O molecule (cm–1). 
 

 
 
 

The total mixture pressure in the cell 
(H2

17O + H2
18O + H2

16O) was monitored by an oil 
pressure gauge and varied from 1130 to 2132 Pa. The 



648  Atmos. Oceanic Opt.  /July  1990/  Vol. 3,  No. 7 A.D. Bykov et al. 
 

total optical beam path in the cell amounted to 
1005 cm. The measurements were taken at a reso-
lution of 0.02 cm–1, and the line positions were 
determined to better than 0.005 cm–1. In the spec-
trum covering the range 5140 to 5440 cm–1 241 lines 
were recorded in all, of which 74 were identified as 
belonging to H2

17O. 
2. The spectral line identification procedure 

was as follows. To identify the principal isotopic 
modification lines both atmospheric spectra and 
published data from Ref. 5 were used. Absorption 
lines of H2

18O were identified on the basis of results 
from Refs. 5 and 8 and the lines of H2

17O — from 
spectra presented in Ref. 5, and also from the results 
of calculations of the transition frequencies, ob-
tained by solving the inverse problem. 

As a result of this identification 45 energy levels 
were revised for the (011) vibrational state of the 
H2

17O molecule (up to J  9 and Ka  5), and two 
energy levels — for the (110) state. These data are 
presented In Table I together with the values of the 
difference  = Ecomp – Eexp. 

3. In the solution of the inverse problem for the 
vibrational states of the second triad Coriolis reso-
nances between the states (011), and (110), and 
(011) and (030) and the Fermi resonance between the 
states (110) and (030) must be taken into account. 
The energy levels and the vibrational-rotational 
wave functions are determined by the well-known 
method of diagonalizing the effective rotational 
Hamiltonian, which takes into account the above 
random resonances. 
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All of the notation in Eqs. (1) and (2) is standard. 
Since the only levels that are determined during 

the spectral analysis in a number sufficient to solve  

the inverse problem, are those of the (011) state, to 
account for such interactions one needs rather ac-
curate estimates of the rotational and centrifugal 
constants for the other two vibrational states, and 
also of the parameters determining the resonance 
interaction. 

Such estimates have been obtained using the iso-
topic relation in the form of the well-known 
Fraley-Rao rule9 

 

 (3) 
 
The constant k = 0.52977 here was retrieved from the 
energy levels 101 of the (011) vibrational state for 
H2

16O, H2
17O, and H2

18O. The parameters of the 
Hamiltonian (1), (2) were denoted in Ref. (3) as A17, 
A18, and A16 for the respective water isotopic modi-
fications. Parameters of the Hamiltonian for the 
second triad of H2

17O were calculated from Eq. (3). 
The initial data needed for such calculations (i.e., the 
constants A18 and A16) may be found in Refs. 8 and 10. 
Estimates of the rotational, centrifugal, and resonance 
constants, as well as the parameters Ev are given in 
Table II in the column labelled "Calculations". 

It should be stressed that the estimates thus 
obtained appear to be rather accurate: computations of 
the energy levels from Table I yield an average re-
trieval error of about 0.06 cm–1. This set of constants 
was then used as an initial approximation in the so-
lution of the inverse problem. Constants for the 
Hamiltonian, obtained by least squares fit to the 
energy levels of the vibrational states (011) and (110), 
taken from Table I, are given in Table II together with 
their respective 68% confidence intervals. 

To solve the inverse problem all the constants for 
the states (110) and (030) as well as the resonance 
constants Cxz

57, F0
56, and Fk

56, and the constants Hk, 
Hj, and Lk for the (011) state were set to their initial 
values. This made it possible to account for the effect 
of the resonances and for high centrifugal constants 
during the computations of the (011) vibrational state 
energy levels. 

The set of parameters from Table II describes 
the vibrational-rotational energy levels at the level 
of accuracy of our experiment: the corresponding 
standard deviation is 0.0048 cm–1. The differences 

exp compE E    are distributed as follows: 

 

 
 

Recording and analysis of the H2
17O spectra has 

resulted in retrieving the energy levels of the (011) 
state at an accuracy level better than that achieved in 
Ref. 5. In particular, one may note that the levels 
441, 440, and 542, given in Ref. 5, are in error by 
0.03 to 0.07 cm–1, and levels 414 and 423 are in-
correct. 
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TABLE II. 
 

Spectroscopic constants for the H2
17O states (011), (110) and (030) (cm–1) 

 

 

 
 
Note: 68% confidence intervals in parentheses (for the last two figures of respective values) 
 

The energy levels and parameters of the Hamilto-
nian we have obtained may now be used to estimatethe 
parameters of H2

17O absorption lines around 1.9 m. 
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