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Line positions and intensities for the 2v,, v, and v,
bands of H, V70

by C. CAMY-PEYRET and J.-M. FLAUD

Laboratoire de Physique Moléculaire et d’Optique Atmosphérique,
C.N.R.S., Batiment 221, Campus d’Orsay, 91405 Orsay Cedex, France

and R, A. TOTH
NASA Headquarters, Washington D.C. 20546, U.S.A.

(Received 3 October 1980 ; accepted 20 October 1980)

The constants involved in the rotational expansion of the transformed
transition moment operators of the 2v,, »; and vg3 bands of H, 17O have been
determined through a fit of 280 measured line intensities., The coefficients
iz and ®u; of the expansion of the dipole moment with respect to normal
coordinates have been deduced to be luz= —0-021500 1 0-00030 D and
3, =0-09596 +0-0012 D.

Moreover, the knowledge of the transition moment operators has been
used to compute the whole spectrum of the 2v,, v; and v, bands of H, 170.

1. INTRODUCTION

In order to improve the knowledge of the water vapour spectrum in the
2-7 pm region we have already performed line position and intensity calculations
for the 2v,, v, and v; bands of H, 180 [1] and H, 80 [2]. Because H, Y0 is also
present in natural water vapour, it is important to have at hand the line para-
meters for this less abundant isotope. Indeed the lines of this isotopic species
are easily observed in atmospheric absorption spectra. Up to now, results
concerning H, 7O were rather scanty, the only available calculation being that
of [3].

We report here a greatly improved compilation of calculated line positions
and intensities of the 2v,, v; and vy bands of this molecule.

2. INTENSITY CALCULATION

The method we have proposed to compute line intensities, when it is necessary
to take into account vibrorotational resonances, has been extensively described
[1] and applied to the H, 180 molecule [1, 4] and to the H, O molecule [2, 5].

To calculate the line intensities (the partition function was taken to be
Z(296)=175-4) we have taken the matrix elements of the transformed dipole
moment between the wavefunctions of the upper and lower levels of the tran-
sitions. 'These wavefunctions, deduced from the fit of the observed energy
levels, were taken from [6] for the triad of interacting states {(020), (100), (001)}
and from [7] for the ground state (000). The constants %4’; involved in the
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expansion of the transformed transition moment operators have been determined
through a fit of the experimental line intensities recently measured by Toth et al.
[8]. The fit of the observed intensities is very satisfactory as can be seen from
the following statistical analysis of the relative differences 81/1 between 280
calculated and measured line intensities (79 for 2v,, 59 for v, and 142 for vy):

0 per cent< 81/ <8 per cent  71-4 per cent (of the lines)
8 per cent< 81/1< 15 per cent 204 per cent
15 per cent< 81/1 <25 per cent  8-2 per cent.

Table 1. Constants involved in the expansion of the transformed transition moment
operators ?u’z for the 2v,, v; and v; bands of H, 170. All the results are in Debye,
the quoted errors being twice the standard deviations. Blank entries imply that the
the coefficients concerned were insignificant and constrained to zero. {4, B}=
AB+BA ; Jut=Jz*—Jy?

Avg even (v=2, 3)

J vA; us
v=2 (020) v=23 (100)

1 $s 0-00592, + 0-00013 ~0-01520, + 0-00021

2 {¢s J% (0-31,£0-17) x10-3

3 A, T2
4 {idy, J2} (—0-137,+£0-025)x 103 (0-1311,4+0-0037) x 10~
5 {de, iJy} (0-48,+0-22) x10~* (—0-5594+0-025) x10-3
6 {¢z, {Jx, Jz}} (_0'802i0'36) x 105

7 ${¢a, Jxy®} —{idy, iUz, Jy}}] (—0-51,+0-33) x107°

8 H{da, Jay®} +{idy, i{Js, Jy}}]

Avg odd (v=4)

J v4; *u's v=4 (001)

1 ¢ 0-06785; + 0-00085

2 {45 J% (0-201,+0-074) % 104
3 {¢, J2%} (—0-85,+0-24) x10-*
4 Moz, iTy}—{idy, Ju}] (—0-1409;, + 0-0089) x 102
5 3l{da, Tz, Je}} —{idy, i{Jy, J2}}]

6 H{dz, iTy}+{idy, J2}] (0-449, +0-035) x 10-3
7 H{dba, Tz, T2}t +{idy, i{Jy, J2}}] (—0-104, £ 0-061) x 10-*
8  {¢2, J2y¥} (0-137,+0-047) x 10—

The final constants *u’; deduced from the fit are gathered in table 1 together
with the corresponding rotational operators ¥4, appearing in the expansion of the
transformed transition moment operators “u’, of the three bands 2v,, v, and v,.
More precisely we have

2 for (020)
' =Y "u'; °A; with o= ¢ 3 for (100)
7 4 for (001).
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For B-type bands, the first term of this expansion is %u'y¢, (v=2 for 2v, and
3 for v;) whereas for 4-type bands it is %u’y ¢, (v=4 for v5). The constants
vu’, are the so called vibrational transition moments. They are related to the
coefficients involved in the expansion of the dipole moment operator with respéct
to normal coordinates through the following equations

1 k k
2.0 vib,,’ U - g, 222 1 2 122
'y = <000’ |020) v2< o+ e =4 e 2w2+w1>,

3!"’1 =<000 |Vib ’:cl 1003 = ll‘x/\/z’
'y = 000|710y, 001> =T /2.

From these relations and the values of the constants “u’; quoted in table 1 one
derives the following values of the first derivatives of the dipole moment

(D ~3-335640 x 10-33 C m)
1, = —0-02150, + 0-0030 D

3

u, = 0-0959, +0-0012 D,

Although slight isotopic variations must exist, these values are in good agreement
with the results we have obtained for the first derivatives in the case of H, 180 [2]
and H, 10 [1].

To demonstrate the influence of the isotopic substitution on line intensities
in the case of resonance, we have gathered in table 2 the results for R-type transi-
tions involving 3 resonant upper levels. It is clear that in such cases one
cannot deduce the intensity for the 80 or 7O species from the corresponding
intensity of the main 180 line. This is to be related to the fact that the mixing
coefficients in the case of resonance are strongly isotope dependent (see table 2
of [6] where the mixing coefficients of the resonating levels considered here are
presented).

Table 2. Example of the evolution of the intensities in an isotopic substitution for the
transitions (v,v,v5) (JKaK¢) <-(000) [634] of H,O.

(0100 [JKaK,] oear/em™? kY [(cm™!/molecule cm~?) Isotopé
3929.999 0-726 x 10-22 150
(020) {761] 3916-705 0-958 x 10-2L 170
3906-078 0-578 x 1022 180
3923-467 0-381 x 10-20 160)
(100) [743] 3918.748 0-187 x 10-20 170
3913-488 0-214 x 10-20 180
3904-295 0-212 x 10-10 150
(001) [735] 3897.214 0-203 x 10-19 170
3890-836 0-208 x 10-1° 180

Finally, using the values of the constants ?u; presented in table 1, we have
computed a complete spectrum of the 2v,, v, and v, bands for pure H, 170 at
296 K. A list containing the most intense lines appears in table 3. The

M.P, U



598

The meaning of the different columns is as follows

(020), 3=(100), 4=(001), 0=(000).

computed line intensity in cm~!/molecule cm~2.

JK K. : rotational quantum numbers of the upper and lower levels of the transition

wavenumber of the line in cm™!

vibrational assignment of the line, 2

SIGMA
J'K'oK’¢

Computed list of the lines of the 2v,, v, and vz bands of H, 70O at 296 K.

lower level energy in cm™!

NO
E
INTENSITY

Table 3.

JIKATKCY J KA KC E INTENSITY

NO SIGMA

JIKATKCY U KA KC E INTENSITY

SIGMA

NO
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Table 3 (continued)

INTENSITY

600

JYKATKCY J KA KC E INTENSITY

SIGMA

NO

J Ka KC £

JIKAIKC

SIGMA

NO
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intensity cut-off is 0-27 x 102 cm~1/molecule cm~% which corresponds to
0-10 x 10~%¢ cm~'/molecule cm~? in natural water vapour. The total band
intensities (that is the sum of the individual line strengths) are S,(2v,)=
0717 x 10719, S,(v;)=0-461 x 10728 and S, (v;)=0681 x 10717 cm~1/molecule
cm~? at 296 K. A more complete list with an intensity cut-off of
0-1 x 1022 ecm~2/molecule cm~2 has been deposited with the British Library.
Copies of this table which comprises 7 pages may be obtained from the British
Library, Lending Division, by quoting the number SP16040 according to the
procedure described at the end of this issue.
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