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The lowest E bending vibration (02’0) of Ar-H”CI has been observed near 23.6 cm-’ from P(23) to R(17), in a continuous 
planar jet expansion using a tunable far-infrared laser. A least-squares analysis has been performed to determine the centrifugal 
distortion constants for the ground and excited states, which will greatly facilitate the determination of an accurate intermolecular 
potential surface. 

Several new spectroscopic techniques have re- 
cently been developed for the study of van der Waals 
molecules. Mid-infrared laser spectroscopy of van der 
Waals clusters generated in a pulsed planar jet [ 1 ] 

effects both high sensitivity and substantially re- 
duced linewidths. While this approach produces a 
wealth of both structural and dynamical informa- 
tion, it is not a direct probe of the ground state in- 
termolecular potential surface. The extremely 
sensitive method of intracavity far-infrared (FIR) 
laser Stark spectroscopy of the low frequency van der 
Waals vibrations [ 21 does provide a direct route to 
the potential surface, but the search for and assign- 
ment of spectra are difficult. In this article we de- 
scribe a straightforward and versatile new method 
which avoids this complication. Hyperfine-resolved 
vibration-rotation absorption spectra of low fre- 
quency van der Waals modes are measured by tun- 
able FIR laser spectroscopy of a continuous planar 
supersonic jet. 

Ar-HCI is the prototype system for the study of 
anisotropic van der Waals interactions. The experi- 
mental work of Novick et al. [ 31, of Marshall et al. 
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[ 41, and of Ray et al. [ 21 has provided a charac- 
terization of the ground state (00’0) and of the H 
bending state (01’0). Recent FIR laser studies by 
Robinson et al. [ 51 have provided more detailed in- 
formation for the three lowest vibrations. Empirical 
intermolecular potential surfaces obtained by Hut- 
son and Howard [ 61 indicate that Ar-HCl is bound 
by approximately 180 cm-’ and has a secondary 
minimum at the Ar-ClH configuration. An experi- 
mental characterization of the secondary minimum 
can be obtained most directly from the spectra of the 
C bending state because this vibration is strongly in- 
fluenced by the second well. Robinson et al. [ 51 
measured several vibration-rotation lines of the Z 
bend, but could not obtain any centrifugal distortion 
information from this limited data set. In the present 
work we were able to determine both the quartic and 
sextic centrifugal distortion constants for the C 
bending state (D and H) as well as more precise val- 
ues for previously known ground and excited state 
constants. 

The experimental apparatus is shown in fig. 1. The 
tunable FIR laser has been described elsewhere [ 71. 
Briefly, a cw COZ laser is used to optically pump a 
line tunable FIR laser (lo-200 cm- ’ ). The far-in- 
frared radiation is then mixed with continuously 
tunable microwave radiation (2-40 GHz) in a GaAs 
Schottky barrier diode. Tunable sum and difference 
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Fig. 1. Tunable FIR laser/planar jet system. 

sidebands are separated from the FIR laser carrier 
with a polarizing diplexer. The collimated tunable 
FIR radiation laser passes through the plane of the 
supersonic jet and is detected with an InSb detector. 

Ar-HCl was formed by expanding 2-3Oh HCl in 
Ar through a 1 S” x 25 pm slit at a stagnation pres- 
sure of approximately 500 Torr. The chamber was 
pumped by a 2600 cfm Roots blower and was kept 
at 120 mTorr. The distance to the Mach disk was de- 
termined to be approximately 1’ from the nozzle. 
The temperature of the expansion is estimated to be 
less than 10 K. Transitions of Ar-H3YZ1 were ob- 
served with the 692 and 76 1 GHz HCOOH laser lines 
from P(23) to R(17), with the exception of P(5), 
P( 6), and R( 11) which lie too close to the FIR laser 
frequency to be observed, and R( 9) which is nearly 
coincident with an atmospheric water line. A typical 
spectrum is shown in fig. 2. The optimum S/N is 
about 2000: 1. Narrow linewidths ( z 300 kHz fwhm) 
result from the use of a planar jet, representing ap- 
proximately a threefold reduction in the room tem- 
perature Doppler width [ 81. 

All measured transitions were used in this analysis 
excluding those with J< 5, for which the quadrupole 
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Fig. 2. Tunable FIR laser spectrum showing P( 3) of the C bend 
of Ar-H”CI. Below is the predicted spectrum with the quadru- 
pole splittings. The intensity of the 7/2t5/2 and 5/2+3/2 tran- 
sitions is too small to be shown on this scale. 
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Table 1 
Constants for the lowest C bending vibration of Ar-H”CI (MHz) 

This work ‘) Previous work 

&OO”O) 
709224.68( 44) 709219.96(52) b, 

1678.567(18) 1678.511(10) Cl 
D(OO'0) 0.02022( 8) 0.02033(40) =) 

H( 00’0) -1.9(1.2)x10-7 _ 

B( 0200) 1761.358(20) 1761.204(106) b, 

D( 02’0) 0.03188(10) _ 

H( 02’0) -1.73(17)x10~6 

a) Standard deviation of the tit is 200 kHz. The errors are ex- 
pressed as 2~. 

b, Ref. [S]. Cl Ref. [3]. 

structure was resolved. The results of the fit are given 
in table 1, Since the Z bending state samples the sec- 
ondary minimum much more completely than do the 
other two low lying vibrational states, the determi- 
nation of the centrifugal distortion constants for this 
state will greatly assist in determining the shape of 
the potential surface in the region of the secondary 
minimum. 
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