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The 403BD2 band of H216O
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Laboratoire de Physique Moléculaire et d’Optique Atmosphérique (*), Bât. 221, Campus d’Orsay, 91405 Orsay Cedex, France

(**) Observatoire de Meudon, 1, place Janssen, 92190 Meudon, France

(Reçu le 15 octobre, accepte le 23 novembre 1979)

Résumé. 2014 La première observation de la bande 4v2 de H216O est présentée. Dans ce but, un spectre de la vapeur
d’eau chauffée a été enregistré entre 5 930 et 6 440 cm-1 par spectroscopie de Fourier. Environ 30 raies de la
bande 403BD2 ont été attribuées, ce qui conduit à un centre de bande 403BD2 = 6 134,030 ± 0,012 cm-1. Les constantes
rotationnelles de l’état (040) ont été déterminées et une estimation de l’intensité totale de la bande est proposée :

Sv(403BD2) = 0,189 x 10-22 cm-1/molécule.cm-2 à 296 K.

Abstract. 2014 The first observation of the 403BD2 band of H216O is reported. A hot water vapor Fourier transform
spectrum between 5 930 and 6 400 cm-1 has been used for this purpose. About 30 lines of the 403BD2 band have been
assigned leading to the band center 403BD2 = 6 134.030 ± 0.412 cm-1. Rotational constants for the (040) vibrational
state have been determined and an estimation of the total band intensity is :

Sv(403BD2) = 0.189 x 10-22 cm-1/molecule.cm-2 at 296 K .
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1. Introduction. - Very weak vibration-rotation
lines of H20 often appear in long path atmospheric
spectra and their positions and intensities have to be
known precisely if one is interested by the absorption
of other molecular species. The region 5 930-6 440 cm--1
analyzed in this work is a fairly transparent window
of the atmospheric spectrum lying between two

strongly absorbing regions involving the so-called
1.9 J.1I11 and 1.4 Jlm bands of water. Its analysis origi-
nally undertaken in order to confirm our calculations
of line parameters for the 1.9 ~m bands [1] has lead to
the discovery of weak unclassified lines which we have
been able to assign to the 4V2 band of water. This
very weak band had never been observed before

,although, as far back as in 1948, Mohler and Bene-
dict [2] stated « The third overtone (040) which should
fall in the relatively clear region 1.54-1.64 lim will also
be sought under these conditions (large amount of
H 20 in the absorbing path) ». The results we have
obtained from this study on the (040) vibrational
state, are very important as far as the’large amplitude
motion associated with the bending of the water
molecule is concerned.

(*) Equipe de Recherche du C.N.R.S.

2. Analysis. - We have used a spectrum of heated
water vapor (0 = 60 ~C, P ~ 90 torr, L = 40 m)
recorded on a Fourier transform spectrometer with a
resolution of 0.070 cm -1 (for more details see

ref. [3, 4]). Generally speaking, the H20 lines appear-
ing between 5 930 and 6 440 cm - 1 are very weak

(~  1 x 10 - 24 cm ~ 1 /molecule , cm’~). At the low
wave-number edge of this region, the lines belonging
to the wing of the V2 + V3 band centered at

5 331.269 cm ~ i, were easily assigned to transitions
of type R2i and R43 (1) since we had in our possession
a reliable synthetic spectrum [1]. At the high wavenum-
ber edge a few lines were found to be P21 transitions
of the 2V2 + V3 band centered at 6 871.522 cm - 1 [5].
Since no hot band was expected to fall in this region,
the remaining lines had to belong to the 4V2 band of
water. Let us remark that this band had never been
observed before and the value 6 136 em -- 1 currently
quoted in the literature [6, 7] had been estimated
through the study of hot bands in flame spectra [8, 9].
We have been able to assign about 30 lines of the 4 V2
band and the list of all the observed lines between
5 930 and 6 440 cm-1 with their positions (precision

C) The notation AJAK.~K, is used.
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Table II. - Calculated and observed rotational

levels of the (040) vibrational state

Standard deviation of the fit : 0.006 cm-

± 0.005 crn-1) and intensities is given in table I.

From the observed transitions and from the ground
state energy levels [10] we have deduced the rotational
levels of the (040) vibrational state appearing in

table II.

As far as the intensities are concerned the behaviour
of the 4v2 band is very peculiar. Practically, only the
P branch appears, whereas the Q and R branches are
very weak. Moreover, the intensity of the lines

decreases very rapidly when the quantum number Ka
increases and it has been impossible to detect lines
with Ka &#x3E; 3. A similar but less pronounced behaviour
has already been observed for the 3V2 band [3]. On
the other band, as in 3V2, accidental resonances can
occur. This is the case for the level [945] of (040) (2)
which is highly perturbed through a Coriolis reso-
nance with the level [919] of (021) [11, 5]. In these
conditions, one can observe 4V2 lines originating from
this perturbed level and lying in the 2V2 + V3 region.

(2) The notation [JKa Kj is used for the rotational quantum
numbers and (Vl V2 V3) for the vibrational quantum numbers.

Their intensity is enhanced because of the mixing
with a vibrational state having a stronger transition
moment with the ground state.

3. Theoretical. - Although there is a Fermi-type
interaction between (040) and (120) it is possible to
treat the rotational levels of (040) determined from
experiment with the usual Watson-type hamilto-
nian [12]. The rotational constants obtained through
a least squares fit of the experimental energy levels
are listed in table III. These constants have been

used to calculate levels unobserved in this work but
which could be detected when high resolution spectra
will be recorded with a higher pressure path length
product. One important result of this study is the

precise determination of the band center

4V2 = 6 134.030 :t 0.012 em -1 .

Table III. - Rotational constants of the (040)
vibrational state of H 20.

~ ,. 

-~ - ---. 
--. ~

All the results are given in cm-1. The quoted errors are 95 % statisti-
cal confidence intervals.

This result should be very useful for the improvement
of the bending potential function of water. Indeed
previous theoretical calculations were unable to

predict a satisfactory value for this band center (see
for example ref. [13, 14]).

Having in mind possible applications to atmo-

spheric studies we have computed, by the method
developed in ref. [3], the complete spectrum of the

~ Table I. - List of observed water vapor lines between 5 930 and 6 440 cm -1.
The meaning of the different columns is :
- v’ v upper and lower vibrational states of the transition with the correspondence 0 = (000), 7 =(011), 8 = (040), 9 = ( 120) and 10 = (021 ).
- 

(J calc and o-obs calculated and observed wavenumbers of the line in cm - 1.
- y ~ A~ ~ Kc rotational quantum numbers of the upper and lower levels.
- k N computed line intensity in 10-25 s cm-1 Jmolecule . cm- 2 at 296 K.
- H percentage of absorption at the center of the line for the heated spectrum.
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4v~ band (3). Since it is a B-type band the transformed
transition moment operator can be expanded as [15] :

~z-~~+~5{~~}+’’’~==8 for (040).

Using about 20 measured intensities (relative precision
25 %), we have obtained 

’

8,~ ~ = (0.486~ ± 0.012) x 10-" D

e) This list is available from the authors.

and 8Jls = (0.11771 ± 0.0019) x 1 p - 4 D.

This leads to a total band intensity (i.e. the sum of the
individual line strengths) of

Sv(4vz) = 0.189 x 10-22

(in cm -1 imolecule . cm - 2 at 296 K)
with an estimated precision of 25 %.
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