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NOTE

Tunable Far-Infrared Spectroscopy of HF, H35Cl, and H37Cl in the 6 to 9 THz Region

The frequencies of pure rotational transitions of light molecules, such as TABLE 2
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F and HCl, fall in the far-infrared region (1–10 THz). Below 6.5 TH
heir rotational transition frequencies have been measured with an acc
f a few hundred kilohertz (1, 2), using a tunable far-infrared (TuFIR
pectrometer (1, 3). The tunable, coherent far-infrared radiation is produ
y a difference frequency generation of two CO2 lasers. However, in th
.5–10 THz region, few accurate data have been reported, becau
uFIR technique had an upper limit of 6.5 THz (4) due to the range o
vailable CO2 laser frequencies. Recently, we extended the TuFIR t
ique to higher frequencies over 9 THz (5, 6) by replacing one of two CO2

asers in a regular TuFIR spectrometer with a15NH3 laser. This modifica
ion has allowed us to produce difference frequencies to over 9 THz. I
ote, we report extended measurements of the rotational transition fre
ies of HF, H35Cl, and H37Cl in the 6 –9 THz region using this ammoni
uFIR spectrometer.
In the ammonia–TuFIR spectrometer, tunable, coherent far-infrare

iation is generated by mixing radiation from a CO2 laser, a15NH3 laser,
nd a microwave-synthesized sweeper in a W–Co metal–insulator–
MIM) diode. This spectrometer enables us to measure far-infrared t
ions up to 9.1 THz with an accuracy dependent on locating the cen
n absorption line (usually better than 1 MHz). Details of the ammo
uFIR spectrometer have been described in Ref. (5, 6). We used a 2-cm

ong absorption cell in which the sample gas was flowing at a pressu
–7 Pa (0 –50 mTorr). For HCl measurements, HCl gas with na
bundances of 75.8% H35Cl and 24.2% H37Cl was used. The observ

requencies were calculated from CO2 laser frequencies (7) and15NH3 laser
requencies (6, 8). The averaged frequencies of several measuremen
hown in Table 1 along with the laser transitions and the 2s estimated
xperimental uncertainties. These uncertainties were calculated fr
uadratic sum of the statistical uncertainty and the difference frequ
ncertainty. TheJ 5 13 4 12 transitions of H35Cl and H37Cl were not
bserved because the generated far-infrared radiation was absorb
tmospheric water vapor. The observed frequencies were fitted using
revious data (1, 2, 9) to develop the following1S effective Hamiltonian

TABLE 1
Observed Frequencies of HF, H35Cl, and H37Cl (MHz)

a The numbers in parentheses are the estimated 2s uncertainties in units o
he last quoted digits.

b The frequencies are calculated from the rotational parameters in Ta
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eff 5 BJ~ J 1 1! 2 D@ J~ J 1 1!#2 1 H@ J~ J 1 1!#3

2 L@ J~ J 1 1!#4 1 M@ J~ J 1 1!#5.
[1]

he redetermined rotational parameters are summarized, along with th
revious parameters, in Table 2.
In summary, we have successfully applied an ammonia–TuFIR spectro

or the observation of the rotational transitions of HF, H35Cl, and H37Cl in the
–9 THz region. The accurately measured frequencies of strong abso

ines of these stable molecules should be useful for calibration standards
requency region.
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