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Diode laser spectra of the rare gas - spherical top van der Waals complexes Ar-CH4 and Kr-CH4 
were measured in the wavelength region near 1310 c m - 1 and assigned. The most prominent lines of 
both complexes exhibit three dense but well resolved flPo, °Ro, and RQo branches, correlated to the 
R(0) transition of the triply degenerate bending vibration v\ of methane, CH4. A model Hamiltonian 
based on Coriolis coupled states was applied for the assignment, analysis and fitting of the spectra 
to within the experimental accuracy of « 15 MHz. The rotational B constants of the upper and 
lower states determined from the three allowed branches appeared to be strongly correlated. The 
precision in the determination of the rotational B constants of the two complexes was substantially 
increased by additional recording of several weak transitions in the nearly forbidden QPo and 
rRQ branches, which were fitted together with the allowed transitions. The separation between 
the rare gas atom and the methane molecule in the ground vibrational state was determined to be 
3.999 A and 4.094 A for Ar-CH4 and Kr-CH«, respectively. The measured small values of the 
splitting between the K=0 and the K = ± 1 levels in the vibrationally excited state (0.39 cm - 1 

and 0.67 cm - 1 for Ar-CH4 and Kr-CH4, respectively), which characterizes the anisotropy of the 
intermolecular potential, indicated that Kr-CH» and Ar-CH4 together with Ne-SiH4 represent 
examples close to the free rotor limit, where the spherical top CH4 is almost free to rotate within 
the complex. In comparison, the previously analyzed Ar-SiH4 van der Waals molecule is closer to 
the hindered rotor limit. 

1. Introduction 

The infrared spectra of A r - C R j and Kr-CH* com-
plexes in the 3 | im region, i. e. the transitions associ-
ated with the 1̂3 fundamental band of the triply degen-
erate stretching vibration of the CH4 monomer, were 
recorded first by McKellar, using a Fourier transform 
spectrometer equipped with a low temperature long 
path cell [1]. Jet spectra of Ar -CRt at even lower 
temperature in the same spectral range were detected 
by Lovejoy and Nesbitt [2], Block and Miller [3], and 
Howard with co-workers [4]. However, being limited 
by the line broadening due to the fast predissociation, 
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the rotational structure of the spectra was not suffi-
ciently resolved, and therefore the spectra remained 
unassigned. Instead of looking at the region of the 
stretching vibration of the CH4 monomer, we focused 
on searching the bending vibration region at longer 
wavelength near 1310 c m - 1 . As reported in our pre-
vious papers [5, 6], the rotationally resolved infrared 
spectra of the Ar-CR* and Kr-CH4 complexes in 
the 7 | im region were recorded by diode laser spec-
troscopy in a supersonic jet. 

The structure of the observed spectra was found to 
be very anomalous compared to other known spec-
tra of similar complexes, although it showed resem-
blance to that observed by McKellar1 in the 3 (im 
band. Both the 3 | im and 7 | im spectra of Ar -CHt 
and Kr-CH* were quite different from those of the 
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A r - C H 4 

Rp0-, °R0-, rQ0- branches (/'= l < - 0 ) 

1310.6 1310.7 1310.8 1310.9 1311.0 

Fig. 1. Allowed Ar-CH4 
transitions correlating to 
CH4 R(0). The assign-
ment of the corresponding 
branches is indicated by 
their respective first lines 
(7 = 2 for fiP0, J = 0 for 
°Ro, and J = 1 for *Q0). 

other known complexes of a rare gas atom and a 
tetrahedral molecule, such as Ar-CF4 [7], Kr-CF4 

[7], Ar-NHJ [8, 9], and Ar-SiH4 [10]. The most sim-
ilar to the Ar-CH 4 and Kr-CH4 spectra in the 7 fim 
region is the Ne-SiH 4 spectrum at 5 pm, which was 
recently investigated and assigned by Brooks et al. 
[11, 12], using the approach previously developed 
by Randall et al. [13]. The characteristic feature of 
these spectra was the absence of the familiar rota-
tional structures of rigid symmetric or spherical tops, 
1. e. compact Q branches, framed by regularly spaced 
P and R branches. 

In this paper we present a theoretical consideration 
of the rovibrational states of these complexes and the 
assignment of the observed transitions in the range of 
the R(0) line of methane. The effective Hamiltonian 
used in this analysis is similar to the one applied in the 
Ne-SiFU case. We emphasize here that the present pa-
per supersedes our tentative assignment given earlier 
for the Ar-CH4 case [5]. 

2. Experimental 

The Cologne tunable diode laser (TDL) spectrome-
ter and the experimental procedure were described in 
details in [6, 14]. Therefore, only a short description 
is given below. 

One of the modes of the TDL was selected by a 
low resolution grating monochromator. With the aid 
of beamsplitters, a small part of the laser radiation 
was tapped for the simultaneous recording of a refer-
ence spectrum and for obtaining calibration fringes, 
produced by a Fabry-Perot etalon with 300 MHz free 
spectral range. The main part of the TDL beam was 
directed into a vacuum chamber which contained the 
supersonic jet. The optical path through the absorb-
ing region in the jet was increased using White type 
multireflection optics with a base length of 120 mm. 
The optics were adjusted for 16 passes. The required 
mixture of methane (typically from 5 to 10% of C R 0 
with Ar or Kr was prepared with the aid of two mass 
flow controllers and injected simultaneously into the 
vacuum chamber through a pulsed slit nozzle (15 | im 
width, 20 to 40 mm length) at a repetition rate of 
80 Hz. The gas from the chamber was evacuated by 
a 250 m3/h roots pump backed by a double stage ro-
tary pump. At a typical stagnation pressure of 2 atm 
the background pressure in the chamber was kept at a 
level of 0.1 mbar. 

After passing the jet, the TDL radiation was reg-
istered by a HgCdTe detector. The wavelength of 
the TDL was modulated with a 10 kHz sinewave. 
The signal after preamplification was demodulated 
by a lock-in amplifier, synchronized with the 10 kHz 



727 I. Pak et al. • High resolution spectroscopy of Ar-CH 4 and Kr-CH 4 

u > 
'S > 
c u •o T3 
C 

Ci 
c o 

! • o 

modulation frequency. The lock-in amplifier operated 
in the 2 / - mode with a time constant of 0.7 ms. The 
output of the lock-in was then processed by the boxcar 
integrator. The timing of the two gates of the boxcar 
integrator were set shortly before the jet pulse and 
during the pulse, followed by an appropriate subtrac-
tion of the two registered signals performed within 
the boxcar. This double modulation technique en-
abled effective reduction of both the low frequency 
excess noise and the interference base line distortions 
of the TDL. 

3. Results 

For both Ar-CH* and Kr -CRt , the bands observed 
are in the same region as the R(0) transition of the 
monomer (1311.430 c m - 1 ) and they correlate with 
the same transition of the monomer ( j = 1 <— 0) 
within the two complexes. The corresponding bands 
are shown in Figs. 1 and 2. As it was already stated 
in our paper on the detection of these TDL spectra 
[5], they resemble closely those, one would expect 
for perpendicular spectrum originating between a 
and a 3 Z state of a diatomic molecule in the Hund's 
case b limit. However, there occurred small but sub-
tle discrepancies in the fit for Ar-CH*, with increas-
ing tendency for Kr-CHU. Now the spectra are best 

Fig. 2. Allowed Kr-CH4 
transitions correlating to 
CH4 R(0). The first 
lines in the corresponding 
branches ( J = 2 for HP0 , 
J = 0 for qRO, and J = 1 
for rQO) are indicated. 

analyzed in terms of the theory developed by Brooks 
et al. for Ne-SiFL* [11], In this model we consider the 
coupling of the hindered rotation of the monomer to 
the rotation of the complex. The Hamiltonian for the 
system is given by 

H = tJC ^ + + H m ° n + V ( R ' * ) , 0 ) 

where the terms represent respectively the stretch-
ing of the intermolecular bond designated by R, 
the rotation of the complex and the Hamiltonian of 
the monomer, while J and j are used for designa-
tion of the total angular momentum of the complex 
and of the angular momentum of the methane part. 
The last term represents the intermolecular poten-
tial V(R, 6, x), which hinders the free rotation of the 
monomer. The potential V is a function of the inter-
molecular separation, R, and the orientation of the 
tetrahedral molecule with respect to the intermolecu-
lar axis, described by the two angles 0 and In the 
limit of fairly low anisotropy of the potential V, j is 
still a fairly good label of the angular momentum of 
each monomer state of methane and this is coupled to 
the intermolecular axis with component K . Thus, the 
j = 0 states are just shifted in energy by the potential, 
but the j = 1 rotational states are also split into K = 0 
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and K = ± 1 levels. As shown in [10], the expan-
sion of the rotational function, (J —j)2 , gives rise to 
Coriolis terms, which mix states of different K and in 
the limit of small i f -spl i t t ing can dramatically alter 
the energy levels. This causes decoupling of the an-
gular momentum j from the intermolecular axis, and 
it might be thought that a different angular momen-
tum scheme would be more appropriate. However, as 
discussed by Brookes etal. [11, 12], tetrahedral com-
plexes are unusual. There are no first order effects of 
the anisotropy of the intermolecular potential in states 
arising from j = 1. As a result, all splittings occur as 
a consequence of mixing of states with different val-
ues of j . Hence, unlike 3 E states, the effective value 
of the angular momentum can deviate quite strongly 
from its initial value of unity and a proper description 
of the energy levels requires an explicit incorporation 
of the Coriolis terms and diagonalization of the ap-
propriate matrix, a 2 x 2 matrix in the case of j = 1. 
The major effect of the Coriolis term is to remove the 
degeneracy of the K = ± 1 and K = ±2 levels etc. 
for each j. Thus in the j = 1 state the K = 0 level is 
coupled to the symmetric combination of the eigen-
states with K = 1 and K = — 1. These symmetrized 
states are 

i n = { i + i ) + i - i > } / V 2 , (2) 

| 1 - ) = { | + 1 > - | - 1 ) } / V 2 . (3) 

The degeneracy of the K = 1 and K = — 1 states is 
lifted by the Coriolis interaction, which only couples 
the K = 0 state to the symmetric combination | 1+) . 
The matrix element is 

(0 I ftcor I l+> = -V2B^/J(J+ l ) j*0 '* + l), (4) 

where j* is the effective value of j which is an empir-
ical parameter determined from the fit. This pushes 
the I 0) and | 1+) levels apart but leaves the | 1~) 
unaffected. Taking the initial energies of the K = 0 
and K = ± 1 levels as —a and a , respectively, the 
energy levels are given by the eigenvalues of the 2 x 2 
matrix 

n = (5) 

/ BK^J(J+ l)-a -V2B^/j*(j* + [)J(J + \)\ 

\-V2B^/j* 0* + \)J(J+ 1) BK=lJ(J+ l) + a / 

where 0 and BK=1 are the rotational constants of 
the K = 0 and K = ± 1 levels, respectively, and B is 

taken as the mean of these two values. Diagonalizing 
the 2 x 2 matrix gives the eigenvalues 

E J = K + ( B ™ l B * = ^ J ( J + 1 ) (6) 

± I { 4 a 2 + 4aAB J(J + 1) + A B2J2(J + l ) 2 

+ &B2j*(J* + 1)J(J + l)}1/2, 

where Ev is the vibrational energy and AB = BK=1 — 
BK=o- There is often insufficient information to de-
termine AB as it is highly correlated with the Coriolis 
term. In this case, constraining AB to zero, simplifies 
the above equation to 

Ej = E„+BJ(J + 1) ± y/a2+2B2j*(j* + \)J(J+\). 

(7) 

In the excited vibrational state, the rotational energy 
of the I 1~) state is given by 

Ej=E„+a + BK=lJ(J+\). (8) 

Starting in states correlating with j = 0, the selection 
rule on the total angular momentum is A J = ± 1 for 
transitions to the mixed | 0) and | 1+) states and 
A J = 0 to the I 1~) states. The energies of the lower 
levels are B" J(J +1) . 

The rotational levels of CH4 in the ground vibra-
tional state and in the excited vibrational state are 
represented in the left part of Figure 3. The rotational 
levels corresponding to the end over end rotation of 
the complex are built on top of the j, n levels of the 
CH4 part (by definition n = j in the ground state, and 
n = j , j ± 1 in the excited vibrational state), and 
are characterized by the J quantum number of the to-
tal angular momentum of the complex. The right part 
of Fig. 3 shows the splitting of one of the J levels 
in the upper vibrational state into three components 
I 1 + ) , | l - ) a n d | 0 ) . 

The transitions shown in Figs. 1 and 2 for Ar-CH4 
and Kr-CH4 were fitted to the above expressions for 
upper and lower states and making use of the fact 
that the strong g R o and ß P 0 branch lines terminate, 
respectively, in the lower | 0) and upper | 1+) Cori-
olis coupled components, as it is shown in Figure 3. 
These transitions correlate with AN = 0 selection 
rule in the limit of complete decoupling of j from 
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R g - C H 4 

j = 1<—0 transitions 

UJ) 
"forbidden" 

0 

Fig. 3. Energy level diagram 
- to the left of the CH4 
monomer (in scale), to the 
right for the complex (not in 
scale; for details see text). 

the intermolecular axis, where the quantum number 
N corresponds to the angular momentum of the end 
over end rotation of the complex. The lines were fitted 
to (6) and (8) using a Levenberg-Marquardt nonlinear 
least squares method [15]. A centrifugal quadratic dis-
tortion term, — D J2(J + l)2 , assumed to be the same 
in both vibrational states, was also taken into account, 
which enabled fitting the positions of the lines to the 
experimental accuracy. 

However, because of strong correlation between ro-
tational constants it was not possible to determine pre-
cisely the values of the rotational constants in the var-
ious states using only the transitions shown in Figs. 1 
and 2. This can be understood in the following man-
ner. As soon as the Coriolis term dominates over the 
initial splitting of the K = 0 and K = ± 1 levels, their 
energies are given by 

Ej = Eu + BJ(J+1) ± V2By/j*(j* + \)(J + i ) . (9) 

So approximate expressions for the R and P branches 
are 

UR(J) = U0 + B(J+\)(J + 2) (10) 

- y/2By/j*(j* + 1 )(J+ - ) - B"J(J+ 1) 

+ {(£ + B") - B\/2j*(j* + 1 )}(J + 1) 

+ (B-B")(J + l)2 

and 

uP(J) = i/0 + B(J - 1 )J 

+ V2B^/j*0* + 1)0/ - \ ) - B"J(J + 1) 

(11) 

- {(5 + B") - By/2j*(j* + l ) } j 

+ (B — B")J2. 

As can be readily observed, both expressions depend 
on the same three combinations of constants, so that 
without further information it is not surprising that it 
is difficult to determine precise values of all variables. 
Two possibilities can be used to resolve this problem. 
One is to observe the microwave spectrum and de-
termine the ground state rotational (and centrifugal 
distortion) constants directly. This would be the most 
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Table 1. Fitted parameters of Ar-CH4 and Kr-CH4 (cm 1). 

J - 1 1 0 
Ar -CH 4 Kr-CH 4 

1310.798736 (77) 1310.458368 (70) 
B'K- 1 0 .092229(11) 0.074813 (10) 
B'K=0 0.092331 (11) 0 .074922(11) 
B" 0.092125 (11) 0.074713 (10) 
a 0.19497 (13) 0.338232 (98) 

V2B' yjj*(j* + 1) 0.170147 (48) 0.134747 (42) 
D 2.375(18)-10- 6 1.6116(91)-10-6 

""fit 0.00022 0.00025 

precise way which should be possible after having 
the rotational constants preliminarily determined, for 
example from the IR data. The direct search for the 
microwave transitions without such preliminary in-
formation is complicated by the weak intensity of the 
transitions due to the small permanent dipole mo-
ments of the complexes and also by the fact that it 
is not possible to identify the internal rotor state of 
methane (which is characterized by j ) in which the 
microwave transitions occur. 

An alternative approach is to observe the nearly for-
bidden QP0 or branches. The appropriate transi-
tions are schematically shown in Fig. 3 together with 
the allowed flPo, RQo and Q Ro transitions. Then by 
combination differences there is information on the 
ground state rotational constant. 

The latter approach was used in the present work. 
After the strong allowed transitions were fitted, the 

positions of the low J "forbidden" transitions were 
predicted, which enabled observation of two ^ P o -
branch lines and three fiRo-branch lines in the case of 
Ar-CR*, and five ßRo-branch lines in the case of K r -
CH4. The intensity of the observed nearly forbidden 
transitions relative to the strong allowed transitions is 
considerably lower than in the case of Ne-S iR* [10], 
which is partly due to the higher temperature of the jet 
in the Ar-CH* and Kr-CH* case (5-7 K in compari-
son with 0.5 K in the Ne-SiR* experiments), and also 
because of the lower anisotropy of the intermolec-
ular potential in Ar-CR* and Kr-CR* compared to 
Ne-SiH*. These transitions were then included in the 
final fit. The results of the fit are given in Table 1. 
The transitions for Ar-CFL* and Kr-CR* are listed in 
Table 2 and Table 3, respectively. It should be noted 
that the use of the observed nearly forbidden transi-
tions in the fit resulted in a relatively small change of 
the B constants ( - 0 . 3 % and - 0 . 2 % for the ground 
state rotational constant B" of Ar-CR* and Kr-CFL*, 
respectively). 

4. Discussion 

The spectra of Ar-CR* and Kr-CR* in the R(0) of 
the monomer have been analyzed in terms of a near 
free-rotor model. Accurate values of all B rotational 
constants in all states have been obtained. These con-
stants can be used to determine the separation between 
methane and the rare gas atom; the values for the j = 0 

*Po 
OBS O - C 

RQo 
OBS O - C 

q R O 
OBS O - C 

QPo 
OBS O - C 

*Ro 
OBS O - C 

1310. 
1310. 
1310. 
1310. 
1310. 
1310. 

8 1310. 
9 1310. 
10 1310. 
11 1310. 
12 1310. 
13 1310. 
14 1310. 
15 1310. 
16 
17 
18 

19 

7404 0.0001 
7071-0.0001 
6849-0 .0000 
6671-0 .0000 
6516-0 .0003 
6377-0 .0006 
6257-0 .0005 
6147-0 .0005 
6048-0 .0005 
5961-0 .0004 
5886-0 .0002 
5822-0 .0000 
5772 0.0004 
5733 0.0008 

0.0003 
0.0003 
0.0000 
0.0001 
0.0001 
0.0001 

1310.9946 
1310.9946 
1310.9958 
1310.9969 
1310.9982 
1310.9996 
1311.0011-0.0001 
1311.0031 0.0000 
1311.0051-0.0000 
1311.0074-0.0000 
1311.0099-0.0000 
1311.0127 0.0001 
1311.0156 0.0001 
1311.0187 0.0000 
1311.0220 0.0000 
1311.0255 -0 .0000 
1311.0293 0.0000 
1311.0331-0.0001 

1310.6739 0.0003 1311.29310.0002 
1310.7084 0.0004 1311.62830.0002 
1310.7326 0.0002 1311.97440.0006 
1310.7531 0.0002 
1310.7717 0.0002 1309.4438 0.0003 
1310.7892 0.0001 1309.0968 0.0004 
1310.8061 0.0001 
1310.8221 -0 .0003 
1310.8382-0.0002 
1310.8537-0.0002 
1310.8687-0.0004 
1310.8833-0.0005 
1310.8974-0.0006 
1310.9114-0.0004 
1310.9247-0.0002 
1310.9375-0.0000 
1310.9499 0.0004 
1310.9615 0.0008 

Table 2. Observed line 
positions and the dif-
ferences to the calcu-
lated positions of the 
j = 1 <— 0 band of 
Ar-CH4 (values are in 
cm - 1 ) . 
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ßPo 
OBS O-C 

ßQo 
OBS O-C 

qRO 
OBS O-C 

QPo 
OBS O-C 

1310 
1310. 
1310 
1310. 
1310 
1310. 

8 1310. 
9 1310. 
10 1310. 
11 1310. 
12 1310. 
13 1310. 
14 1310. 
15 1310. 
16 1310. 
17 1310. 
18 1310. 
19 1310. 
20 
21 

22 
23 
24 
25 
26 
27 
28 

5485 0.0005 
4840-0 .0003 
4391-0 .0001 
4060 0.0001 
3793-0.0001 
3570-0.0002 
3377-0.0004 
3211-0.0001 
3059-0.0003 
2923-0.0005 
2804-0.0004 
2694-0.0007 
2602-0 .0003 
2520-0.0001 
2446-0 .0003 
2390 0.0001 
2344 0.0005 
2311 0.0009 

1310.7976-0.0002 
1310.7987 0.0001 
1310.7999 0.0003 
1310.8010 0.0002 
1310.8024 0.0002 
1310.8041 0.0002 
1310.8058 0.0001 
1310.8077 0.0000 
1310.8100 0.0001 
1310.8123-0.0000 
1310.8150 0.0001 
1310.8178 0.0000 
1310.8207-0.0001 
1310.8240-0.0000 
1310.8274-0.0000 
1310.8311 0.0000 
1310.8349 0.0000 
1310.8389-0.0000 
1310.8429-0.0003 
1310.8476 0.0000 
1310.8521-0.0001 
1310.8570-0.0001 
1310.8622 0.0001 
1310.8675 0.0001 
1310.8728 0.0000 
1310.8785-0.0003 

0.0007 
0.0005 
0.0006 
0.0003 
0.0001 
0.0001 

1310.2196-0.0003 
1310.2862 0.0006 
1310.3328 
1310.3685 
1310.3984 
1310.4243 
1310.4478 
1310.4699 
1310.4909-0.0002 
1310.5107-0.0002 
1310.5298-0.0003 
1310.5485-0.0002 
1310.5662-0.0006 
1310.5840-0.0004 
1310.6010-0.0006 
1310.6176-0.0006 
1310.6340-0.0003 
1310.6496-0.0004 
1310.6649-0.0002 
1310.6796-0.0001 
1310.6942 0.0005 
1310.7083 0.0011 

1310.9964 0.0001 
1311.2307 0.0001 
1311.4843-0.0003 
1311.7498 0.0003 
1312.0206-0.0003 

Table 3. Observed line positions 
and the differences to the calcu-
lated positions of the j = 1 0 
band of KX-CH4 (values are in 
cm -1). 

level of the ground vibrational state are 3.999 A and 
4.094 A for Ar-CRt and Kr-CR*, respectively. The 
difference between these two values largely reflects 
the difference in the size of the rare gas atom. 

If compared to the Ne-SiH4 complex, both Ar-CH4 
and KJ-CH4 display quite small differences in the ro-
tational constants between the K = 0 and K = ± 1 
states. This may reflect smaller consequences of the 
effects of the anisotropy of the intermolecular po-
tential. Such smaller anisotropy effects also manifest 
themselves in the value of j*. For the methane com-
plexes it is much closer to the free rotation value of 
1 (0.90 for Ar-CH4 and 0.87 for KJ-CH4) than in 
the Ne-SiH4 (j* = 0.53). This deviation from j* = 1 
is a consequence of the mixing of states of higher 
j into the monomer rotational functions for K = 0 
and K = ±1 . This depends upon both the anisotropy 
of the potential and the separation of the monomer 
levels involved. In first order perturbation theory we 
obtain approximate corrections, and in second order 
corrections to the energy levels that yield the split-
tings observed. It is clear that the larger values of the 
methane rotational constant (5.25 c m - 1 as compared 

to 2.96 c m - 1 for SiFLt) is important. However the 
much larger Coriolis splittings in the V4 = 1 level of 
CH4 also contribute (see Figure 3). A precise evalua-
tion of these effects requires a detailed analysis of the 
hindered rotor dynamics. 

Another important difference between Rg-CH4 
and Ne-SiH^ is the totally different appearance of 
the bands. The lower prominence of the "forbidden" 
r RO and qPQ branches in Ar-CHt and Kr-CFLj would 
appear to be a consequence of the near free-rotor be-
haviour of the methane. The strong Coriolis mixing 
of the states with K = 0 and K = ± 1 leads to the 
restriction of i f as a good quantum number and leads 
to a new quantum number N where N = J—j. The se-
lection rule AN = 0 leads to the apparent "Q-branch" 
appearance of the bands in the spectrum. 

However all of this depends upon the relative mag-
nitude of the Coriolis mixing term \ /2Bj*(J* + 1) 
• J ( J + 1) and the splitting 2a. A measure of the im-
portance of this effect for a given J is given by the 
value of V2Bj*(j* + l ) / 2 a . The values are 0.436, 
0.199 and 0.156 for Ar-CH4, KJ-CH4 and Ne-SiF^, 
respectively, while it is clear that Coriolis effects are 
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most important in Ar-CH*; the results for Kr-CH* 
and Ne-SiR* are very similar. The decay of the in-
trinsic intensity of the rRQ and ^Po branches should 
decay in a similar way for the last two molecules. The 
essential difference in the appearance of their spec-
tra results from the great difference in the tempera-
tures of the two species. The rotational temperature 
of Ne-SiR* in the spectra of [11] is close to 0.5 K, 
so that only the lowest rotational levels are observed. 
For the lowest rotational levels the effects of Corio-
lis mixing are smallest and the asymmetry between 
the "allowed'V'forbidden" P and R branches is min-
imal: For the Ar-CR* and Kr-CR* case observed 
presently, the beam temperature is in the range 5-7 K 
and the rotational population maximizes in the region 
of J = 5 - 6. For such levels Coriolis effects are dom-
inant and the intensity of fiRo or ^Po is very small 
compared to the corresponding RPo or ^Ro and the 
asymmetry is most pronounced. 

We also have performed measurements on the 
j = 0 <— 1 transitions of Ar-CR* and Kr-CR* 
correlated with the P(l) , Q( l ) and R(l) transitions 
of methane. The analysis of the data is in progress 
and will be presented in a separate paper. The com-
bined results should help to enable the determination 
of the potential parameters which characterize the 
anisotropic part of the intermolecular potential. 
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