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Millimeter and Submillimeter Wave Spectra of HNO, (cis),
HNO, (trans), and HNO,!

In gas phase equilibrium, HNO, (nitrous acid) exists only as a component of a mixture which also
contains NO, NO,, H,0, N,O;, N,O,, and HNOQO;. The resulting spectral overlap and reduced con-
centration have made studies of the rotational structure of HNO, difficult, especially in the infrared.
However, Allegrini et al. (/1) have recently reported results from a CO laser intracavity Stark experi-
ment, and high-resolution diode laser measurements are currently underway (2). The pure rotational
structure of HNO, has also been studied in the centimeter spectral region by Cox et al. (3) and
Finnigan ez al. (4).

In this paper we report measurements of 133 new millimeter and submillimeter wave transitions
of HNO, and HNO;. The reported measurements and new analysis of HNO, are an extension of work
previously reported by us (5). HNO, and HNO; are small asymmetric rotors with rotational constants
of 10-100 GHz and large dipole moments. As such they exhibit an intense, dense spectrum throughout
the millimeter and submillimeter wave spectral region. From the several thousand observable transi-
tions, those reported have been selected so that they form the basis of analyses capable of producing
accurate spectral maps for each species in this region of the spectrum.

TABLE I
Observed Transitions (MHz)

-3 , wLe283.78 613

S0RE74. 3

519387.2

, 344365.37 .06

a. Transitions have been corrected for the electric guadrapole interaction
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Our basic millimeter and submillimeter wave experimental technique has been discussed previously
(6). The cell used for most of the work was 1 m long, 2.5 cm diameter, and had Teflon windows at the
ends. The inside of the cell was coated with clear Krylon to inhibit chemical decomposition. For cis-
and trans-HNQ,, we also utilized a 3-m cell.

HNO,; is a stable molecule and a standard laboratory preparation was used to generate the sample.
Various methods of preparing our HNO, sample were tried, but it was found that the highest yield
was achieved by following the procedures of Varma and Curl (7). The final method adopted was to
mix afew Torr each of NO,, NO, and H,O in the ratio of 2:1:1 in a mixing bulb. The sample was isolated
and allowed to equilibrate for a few minutes. The mixing bulb was insulated and the temperature of
the sample could be varied to maximize the concentration of HNO,. Measurements were made with
a continuous flow of gas from the mixing bulb through the cell. Pressure in the cell was typically
0.05 Torr.

HNO, and HNO, are asymmetric rotors with electric dipole moments that give rise to both a- and
b-type transitions. We have used Watson’s reduced centrifugal distortion Hamiltonian (8) and the
computational and statistical techniques that we have discussed previously (9, /0) for the analysis of
the rotational spectrum of these molecules.

The high barriers to internal rotation divide the spectrum of HNO, into that of two distinct asym-
metric rotors which are labeled cis and trans. Previous lower-frequency measurements (<40 GHz)
(3, 4) were included in our analysis of both of these species. We measured 49 cis transitions and
40 trans transitions, extending the data set into the submillimeter region. The measurements were
corrected for shifts due to an electric quadrupole interaction. Our data are presented in Table I along
with the differences between these measured values and the frequencies calculated from the spectral
constants shown in Table II. The analyses that lead to these spectral constants also include the earlier
data discussed above. As can be seen from the rms deviations of the analyses, the fit to the earlier
data is comparable to that shown in Table I.

For HNO, the data base consists in part the 111 transitions measured by Cazzoli and De Lucia
in the millimeter range (5) and the 20 centimeter wave lines of Millen and Morton (11, /2). We have
extended this data set by measuring 44 transitions in the submillimeter wave region of the spectrum.
The results of our measurements are presented in Table I, and the new spectral constants are listed in
Table II.

These new measurements and analyses provide accurate spectral maps throughout this spectral
region. Because of their length they are on deposit at the Editorial Office of this journal. Anyone
interested should first consult the second author and if unsuccessful should write to the Editor, Journal
of Molecular Spectroscopy.
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