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The ground state rotational spectrum of methyl thiocyanate has been investigated between
7 and 300 GHz (J = 38 and K_ = 25). An overall fit of the measurements using the Internal Axis
Method has allowed us to accurately determine the internal rotation parameters. For the A4 sub-
state effective rotational parameters are given which allow the calculation of transition

frequencies of possible astrophysical interest.

The microwave spectrum of methyl thiocyanate
(CH3SCN) was first successfully analyzed by
Nakagawa et al. [1] who determined the rotational
constants, the x, component of the dipole moment
and the barrier.

A little later Dreizler [2] was able to measure uy
transitions and to determine the quadrupole coupling
constants of 'N. He also established that the barrier
to internal rotation was not the same in the first
excited torsional state as in the ground state. He
subsequently developed a molecular model with
five degrees of freedom to simultaneous analyze the
internal rotation splittings in the ground state and in
excited torsional and vibrational states [3]. Thanks
to extensive measurements of isotopic species
Dreizler and coll. [4] determined a complete r; struc-
ture, the px, and p, components of the dipole
moment inclusive of relative sign, and the complete
N quadrupole tensor. However, the available
measurements were not sufficient to determine
accurate centrifugal distortion constants. As methyl
thiocyanate could be a possible candidate for inter-
stellar detection, we have remeasured its ground
state rotational spectrum and carried out a complete
centrifugal distortion analysis so that accurate
measurements and predictions would be available
for the radioastronomers. We have also performed a
new and more complete internal rotational analysis
with the more accurate IAM (Internal Axis Method).
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The centimeterwave frequencies were taken from
Dreizler and Mirri [3]. A few additional measure-
ments were made with the Utrecht microwave-
microwave double resonance spectrometer. The
other measurements were performed with the Lille
millimeterwave spectrometer [5]. The data are
collected in Table 1.

The molecular parameters were derived from the
observed frequencies by means of an IAM-based
least-squares computer program. This program is
similar to the one reported earlier [6], but it is
written in FORTRAN and it allows refinement of
the quartic and sextic centrifugal distortion con-
stants. The centrifugal distortion terms were defined
in the Principal Axis System (representation I”),
transformed to the Internal Axis System, and added
to the Hamiltonian. Basis functions exp i (3% + o),
with k ranging from —10 to + 10, were used, and in
the Van Vleck transformation the summation over
excited torsional states was carried out up to v =4.
In all calculations A- and E-type lines were given
equal weights. The determined parameters are
given in the first column of Table 2. As usual [7], the
correlation is the greatest between V; and I,:
—0.976, nevertheless, I, is well enough determined
and its value: 7,=3.209 u.A* is of the expected
order of magnitude, as may be seen from inspection
of TableV of [8]. The standard deviation is
0.158 MHz for the A-lines and 0.177 MHz for the
E-lines. If the sextic terms are not included into the
fit the standard deviation rises to 1.135 MHz for the
A-lines and 1.148 MHz for the E-lines. A direct
determination of the internal rotation parameters
V3, I, and < (i, a) from the splittings (instead of
the frequencies) gives the same values for these
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Table 1. Measured ground state transitions of CH;SCN.

Table 1 (continued)
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Table 2. Molecular parameters for methyl thiocyanate.
% (i, a): Angle between the inertia axis a and the internal
rotation axis 7. /,: Moment of inertia of the methyl group.
o: Standard deviation of the fit. Standard errors in units of
the last digit in brackets. The correlation coefficients are
given in Table 3.

Direct fit of the
experimental
frequencies

Fit of the
A lines

Rotational constants

A [MHz] 15787.0292(184) 15 787.2553 (145)
B [MHz] 4155.67034(183) 4 155.65561(158)
C [MHz] 3353.7661 (54)  3354.09664(150)
Centrifugal distortion constants

4, [kHz] 23197 (27) 2.33070(156)
4,k [kHz] — 10.8103 (136) —9.3517 (136)
Ag  [kHz] 157.08  (110) 159.73 (79)
0, [kHz] 0.76253 (87) 0.77758(210)
ox [kHz] 13.102  (102) 11.533  (102)
D, [Hz] 0.0594 (43) 0?2

dy, [Hz] — 0.8791 (128) —0.4874 (64)
¢, [Hz] 0 0.00928(134)
v, [Hz] 0222 (55) 02

ok [Hz] 02 —-2076 (53)
¢ [MHz] 0.160 0.073
Internal rotation parameters©

V5 [cal. mole™']®  1577.2 (59)

X (i,a) [°]
I, [uA?

57.576 (119)
3.2090 (140)

4 Fixed value.

b | cal-mole™! = 10 492.4 MHz = 4.184 J-mole™ .

¢ The internal rotation parameters were directly deter-
mined from the splittings.

Table 3. Correlation coefficients.

745

parameters but the standard deviation decreases to
0.082 MHz. Likewise, a conventional centrifugal
distortion analysis of the A-lines gives a standard
deviation of only 73 kHz. The higher standard
deviation for the simultaneous fit of the A- and
E-lines is due to the fact that the splittings of some
doublets could not be resolved. To derive the
effective parameters listed in the second column of
Table 2 the Hamiltonian of Watson (Eq. (68) of [9])
was used. The results are given for the representa-
tion /” in the A reduction. They may be used for the
prediction of frequencies with possible radio-
astronomical interest. In the internal rotation
analysis the differences between the calculated and
observed frequencies (Table 1) are greater than the
experimental accuracy, especially for the high J
lines. This result seems quite general [10] and prob-
ably shows that the rigid frame-rigid top model
with one torsional degree of freedom is failing for
high J transitions.

Our value for the barrier to internal rotation:
V3= 1577(6) cal/mole is in good agreement with the
previous determination from the ground state
splittings: V3= 1600(80) cal/mole [11], but it is
much more precise. Andresen and Dreizler [12]
obtained a value for V3 from the simultaneous
analysis of the splittings of the rotational transitions
in four states: ground state, first excited torsional
state and the lowest excited states of the CSC in
plane bend. Their V3= 1618 cal/mole is, however,

Rotational and centrifugal distortion constants (fit of the A lines)

A 1.000

B 0.120 1.000

c 0.031 0.836 1.000

4, 0.008 —0.069 —0.180 1.000

Ak 0.052 0.613 0.702 - 0.776 1.000
Ak 0811 —0.262 -0.282 —0.065 —0.116
oy —0.095 0.658 0.523 —0.687 0.827
Ok 0.076 —0.539 - 0.621 0.846 —0.944
Dy 0.071 0.585 0.622 —0.257 0.698
0y —0.083 0.668 0.507 —0.573 0.745
0k —-0.091 —0634 —-0.658 -—0375 -0.205
Internal rotation parameters

V3 1.000

X (i,a) —0.481 1.000

I - 0.976 0.482 1.000

1.000
—0.304 1.000
0.206 —0.903 1.000
—0.164 0.422 —0.461 1.000
- 0.314 0.967 —0.816 0.416 1.000
0.182 —0.064 0.067 —0.367 —0.054 1.000
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not directly comparable to ours because they use
further potential coefficients. '
I, may be determined quite independently using

L=k~ L+d4.

If the effects of the vibrations are ignored (4 = 0),
the effective moment of inertia 79=2.934 u.A? is
obtained. A better method is to use the changes in
moments of inertia for the normal and deuterated
species:

I,=,+ Iy — I)cpsen — Lo+ Iy — 1) chysen
+ 4(CDs) — 4(CHs). .

If it is assumed that 4 (CD;)= 4(CHj), the sub-
stitution moment of inertia is obtained: 7} = 3.289
u.A2 Laurie [13] has shown that this approximation
is in general good. /9 is much too low. This is not
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surprising because for CH3;SCN the CSC in-plane
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