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Millimeter-Wave Spectrum, Centrifugal Distortion
Analysis, and Energy Levels of HNO;'

GABRIELE CazzoLr>? aAND FrRaNK C. DE Lucia

Department of Physics, Duke University, Durham, North Carolina 27706

One hundred and eleven new rotational transitions of HNO,; have been measured in
the millimeter-microwave region. This data set is the basis for a centrifugal distortion
analysis and for the calculation of a complete set of energy levels through J = 50. The
constants which result from this analysis are (in megahertz): A = 13 011.0287 = 0.0057,
B = 12 099.8611 + 0.0057, C = 6260.6391 + 0.0006, A, = (14.038 = 0.026) x 107*, A
= (—=20.1780 = 0.0037) x 1073, Ay = (7.4153 + 0.0108) x 107%, §, = (1.1828 = 0.00039)
X 1073, 8y = (—20.5648 + 0.0046) x 107*, H, = (—9.84 + 3.82) x 107®, H,;x = (—9.933
+ 0.367) x 1078, Hy, = (1.03 + 0.12) x 1077, A, = (=9.241 = 0.127) x 107%, hy
= (—1.398 = 0.032) x 1077, and A, = (1.135 = 0.027) x 107",

INTRODUCTION

Nitric acid is a near-oblate asymmetric rotor with rotational constants of the
order of 10 GHz and moderate centrifugal distortion. The presence of this species
in the atmosphere and its basic role in chemistry have stimulated numerous
spectroscopic studies. The rotational spectrum of HNO; has been studied in the
centimeter-wave region (/-3), and Kaushik and Venkateswarlu (4) have per-
formed a centrifugal distortion analysis of these data. They noted that the rela-
tively large standard deviations of the resulting coefficients and the indeter-
minacy of 7.... must be ascribed to the data set available. Conventional infrared
spectroscopy reveals only broad vibrational bands because of the dense rota-
tional fine structure of HNO, (5-8). Recently, however, Brockman et al. (9) have
published an unassigned diode laser spectrum of HNOj in the 11-um region that
clearly resolves the rotational fine structure. Several other diode laser studies
of HNO, are also in progress (/0).

In this paper we report the measurement of 111 rotational transitions in the
region between 80 and 300 GHz. This spectral coverage results in a well-
conditioned data set which makes possible an accurate centrifugal distortion
analysis and calculation of energy levels through J = 50. These ground-vibra-
tional-state energy levels can serve as a basis for the analysis of the complex
rotation— vibration spectra which are now being recorded as well as for the study of
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Observed Microwave Transitions of HNO, (MHz)
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MICROWAVE SPECTRA OF HNO, 133

HNO; by direct microwave techniques. A preliminary report of this work has been
given recently (//).

II. EXPERIMENTAL DETAILS

We have previously detailed our general experimental technique (/2, /3). A
brief description of the specific configuration for this work follows. Millimeter-
wave energy was produced by King and Gordy (/4) crystal harmonic generators
driven by OKI klystrons in the 35-GHz range. This energy was focused by quasi-
optical techniques through a 4-m-long absorption cell made of 10-cm-diameter
KIMAX glass pipe and detected by a 1.6-K InSb photoconduction detector.
The HNO, vapor was taken directly from a standard laboratory mixture of con-
centrated nitric acid.

Although most of the lines reported here are strong video oscilloscope lines,
source modulation and lock-in techniques were used to record the weaker high-J
lines. For this work the 35-GHz klystron was phase locked, via a phased-
locked X-13 Varian klystron and transfer oscillator, to a crystal oscillator whose
phase was continuously monitored against WWVB.

III. RESULTS AND DISCUSSION

We have used Watson's reduced centrifugal distortion Hamiltonian (I5) and
the computational and statistical techniques that we have previously discussed
(16, 17) for the analysis of the rotational spectrum of HNO;. A “‘*bootstrap”
assignment-analysis procedure was used. At each step lines that would provide a
balance between a maximum of new, independent information for the analysis
and a minimum risk of assignment error were selected for measurement. In
practice this amounted to the selection of lines whose prediction uncertainties
were several megahertz. This procedure was iterated until all of the approximately
5000 lines of significant strength below J = 50 were predicted with an uncertainty
of 1 MHz or less.

Table I shows the 131 rotational transitions included in our analysis and Table
IT shows the spectral constants which result. In our analysis H, was found
to be only marginally determined and was subsequently eliminated from the
constant set. The rms deviation of the analysis was 0.124 MHz with or without

TABLE II
Spectroscopic Constants of HNO, (MHz)

Q@ =13 011.0287 + 0.0057 B =12 099.8611 + 0.0057 C = 6260.6391 + 0.0006

Ay =(14.088 £ 0.026) - 1073 Agpe=(-20. 1780+ 0. 0037) - 1073 A =(7. 4153+ 0.0108)- 1073
6, = (1.1828 + 0.00039) - 1078 6y =(-20. 5648+ 0.0046) - 1073

- q ¢ A=8 ) -8 _7

B =(-9.8%4 3.62)-10 Hip = (-9.933 £ 0.367). 10 Hp;=(1.03+0.12)- 10

SR -7
= (-9, 241 7Y - 1C = (- .
hy = (-9.241+0.127) - 10 h (-1.398+ 0.032)- 10 by

- (1.1354 0.027)- 107°
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Energy Levels of HNO; (cm™)
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MICROWAVE SPECTRA OF HNO; 141

H, as a variable. The spectral constants have been used to generate the energy
levels shown in Table III. Because of the large number of rotational lines, the
calculated spectrum is not reproduced here. It is available either from the Editorial
Office of this Journal or from the second author.

An important point should be made about the use of these data in conjunc-
tion with other data sets, especially infrared rotation—vibration data sets.
Although accurate ground-state energy levels are a convenient starting point
for spectra assignments, from a statistical point of view it is preferable to use the
observed microwave data directly in the final spectral analysis. The appropriate
weightings for data are then reasonably straightforward. On the other hand, if
energy levels or spectral constants are used, the appropriate statistical treat-
ment requires the consideration of both the uncertainties in the spectral constants
and in the correlation matrix (/8). This is especially important in large centrifugal
distortion analyses because of the significant correlations among the constants.
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