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As a first example in a series of substituted thiiranes we present an investigation of the nuclear 
quadrupole coupling in 33S-methylthiirane in natural abundance. The rotational and quadrupole 
coupling constants are: A = 11 599.0976(18) MHz, £ = 4815.6822(6)MHz, C = 3909.1318 (5) MHz, 
Xaa= - 12 .7731 (82) MHz, xbb= -20.3366(118) MHz, xcc = 33.1097(273) MHz. 

Introduction 

With this publicat ion on methylthi irane-3 3S, 
C H 3 C H — C H ? , we continue the investigation of the L J 

s 
nuclear quadrupo le coupling of 3 3 S in various mole-
cules. As sulfur exists in very different bond situations 
the nuclear quadrupo le coupling determined f rom the 
hyperfine s tructure (hfs) of rotat ional lines should give 
valuable information. These investigations became 
feasible by the sensitivity of molecular beam (MB) 
Four ier t ransform microwave spectrometers ( F T M W ) 
[1,2] first described by Balle and Flygare [3], the diffi-
cult and expensive prepara t ion of enriched isoto-
pomers is not necessary. U p to now we investigated 
the 3 3 S isotopomers of the following molecules in nat-
ural abundance (0.76%): 

Methyl thiocyanate , C H 3 S CN, [4], dimethylsulfide, 
C H 3 S C H 3 , [5], dimethylsulfide-d6 , C D 3 S C D 3 , [5], 
dimethylsulfoxide, ( C H 3 ) 2 SO [6], dimethylsulfide, 
C H 3 SS C H 3 , [7], isothiazole, C 3 H 3 NS, [8], thiazole, 
C 3 H 3 NS, [9], thiophene, C 4 H 4 S, [10], and carbonyl-
sulfid, OCS, [11]. 

With a series of substituted thiiranes we will 
demons t ra te the influence of substi tut ion on the 
quadrupo le coupling tensor and the bonding. This 
experimental work will be supplemented by ab initio 
calculations. 

Reprint requests to Prof. H. Dreizler. 

Experimental 

The substance was purchaed f rom Aldrich, Madr id 
and Steinheim, and Lancaster , Mühlhe im am Main, 
and used wi thout fur ther purification. The measure-
ments s tar ted in Valladolid, where a detailed investi-
gat ion of methyl thi i rane (MTI) was performed with 
different types of spectrometers including a M B 
F T M W spectrometer [12] aiming the determinat ion of 
the barr ier to internal rota t ion, the dipole moment , 
the r e s t r u c t u r e and a part ial res t ruc ture [13]. Later 
the investigation was completed using a M B F T M W 
spectrometer [1] in Kiel. Both M B instruments are 
control led by a p rogram writ ten by G r a b o w and in-
t roduce the M B parallel to the resonator axis for 
higher resolution and sensitivity [2]. 

G a s mixtures of approximate ly 1 % of M T I in argon 
or helium at a s tagnat ion pressure a round 5 0 k P a 
were used. 

F o r the assignment of the hfs-splitted rotat ional 
lines the scan mode of the F T M W spectrometer was 
very useful. U p to 2 K averaging cycles for one fre-
quency point were necessary. Regions a round the 
mean values of low J t ransi t ions of the known 3 2 S and 
3 4 S isotopomeres were covered. 

The final measurements were made with 8 K points 
in the t ime domain , with 40 ns sampling interval and 
averaging of 1 024 to 16384 cycles. The resulting spec-
tral point distance is approximate ly 3 kHz. An exam-
ple is given in Figure 1. 

Table 1 shows the measured p 0 , and ßc lines up 
to J = 3 as the mean of the Dopple r doublets. Lines 
with higher J values provide more difficulties for their 
detection, since the intensity decreases rapidly due to 
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Table 1. List of measured ro ta t ional t ransi t ions for the 3 3 S 
species of methylthi i rane. 

Fig. 1. A section of 1.88 M H z of the rota t ional ampl i tude 
spec t rum of me thy l th i i r ane - 3 3 S in na tura l abundance . In the 
centre, the c-type t rans i t ion J K-K + = 1IO <- Ooo, F = 5/2 — 
3/2 appears . The weaker lines on the left and right side are 
unassigned. - Approximate ly 1 % methylthiirane in argon, 
backing pressure 50 kPa , polar iz ing frequency 16413.1 MHz, 
8 K points with 40 ns sample interval, 8 K averaging cycles, 
spectral point d is tance 3 kHz , S /N % 23, center frequency 
16413.105 M H z . Between the Dopple r doublet a weak 
10 M H z coherent p e r t u r b a t i o n is seen. 

the depopulation of these levels during the supersonic 
beam expansion. 

K'-i < - J" F' <- F" ôbserved/ 
MHz 

Av=vobs-
v « i c / k H z 

1 0 0 0 0 1/2 3/2 16406.493 11.3 
1 0 0 0 0 5/2 3/2 16413.105 2.1 
1 0 0 0 0 3/2 3/2 16421.388 7.1 
0 1 0 0 0 1/2 3/2 8 727.991 - 9 . 0 
0 1 0 0 0 3/2 3/2 8 722.245 - 7 . 4 
0 1 0 0 0 5/2 3/2 8 725.444 - 1 . 5 
1 1 0 0 0 1/2 3/2 15513.281 - 1 3 . 0 
1 1 0 0 0 3/2 3/2 15 504.134 - 9 . 1 
1 1 0 0 0 5/2 3/2 15 509.228 0.6 
0 2 1 0 1 7/2 5/2 17 365.149 - 3 . 9 
0 2 1 0 1 5/2 3/2 17 364.339 0.5 
0 2 1 0 1 3/2 1/2 17 361.459 5.0 
0 2 1 0 1 3/2 3/2 17 367.203 2.0 
0 2 1 0 1 1/2 1/2 17 365.463 3.4 
0 2 1 0 1 5/2 5/2 17361.141 - 4 . 9 
1 2 1 1 1 5/2 5/2 16 536.106 - 6 . 6 
1 2 1 1 1 3/2 1/2 16 537.966 8.7 
1 2 1 1 1 5/2 3/2 16 541.200 2.9 
1 2 1 1 1 7/2 5/2 16 544.386 - 3 . 2 
1 2 1 1 1 1/2 1/2 16 546.241 4.7 
1 2 1 1 1 3/2 3/2 16 547.113 4.7 
1 1 2 0 2 5/2 5/2 8 687.915 0.0 
1 1 2 0 2 7/2 7/2 8 678.825 2.2 
1 1 2 0 2 3/2 3/2 8681.419 - 2 . 8 
0 2 1 1 1 5/2 5/2 10577.357 - 7 . 1 
0 2 1 1 1 3/2 3/2 10585.316 5.4 
0 2 1 1 1 5/2 3/2 10 582.451 3.0 
0 2 1 1 1 7/2 5/2 10581.366 - 4 . 9 
1 2 3 0 3 3/2 3/2 10312.904 - 2 . 7 
1 2 3 0 3 5/2 5/2 10322.094 - 1 . 7 
1 2 3 0 3 7/2 7/2 10 326.388 - 0 . 1 
1 2 3 0 3 9/2 9/2 10317.194 2.5 

Analysis 

The analysis was based on a Hamiltonian including 
centrifugal distortion according to Van Eijck [14] and 
the nuclear quadrupole coupling Hamiltonian [15]. 
The program HFSC of Gripp [16, 17] diagonalizes the 
hamiltonian matrix allowing the fit of the rotational, 
quartic centrifugal distortion, all quadrupole cou-
pling, and the spin-rotation constants. The centrifugal 
distortion constants were fixed to the mean value of 
the 3 2S and 3 4S constants. 

The parameters are given in Table 2. The fit of 
the absolute frequencies resulted in a standard devia-
tion of a = 6 kHz. The hfs splittings are in the order 
of some MHz. 

As for this molecule, all J = 1-0 transitions could be 
measured, the coupling constants xgg, g = a, b,c could 
be determined from three independent informations 
using the largest splitting of the hfs triplets [15]. The 
resulting values are included in Table 2, additionally 
to the results of the fit. It resulted that X XGG — 6 kHz. 

a, b, c 

Table 2. Rotat ional , Van Eijck centr ifugal d is tor t ion and 
q u a d r u p o l e coupl ing cons tan ts for the 3 3 S species of methyl-
thiirane. 

/I/MHz 11 599.0976 (18)a 

B 4 815.6822 (6) 
C 3 909.1318 (5) 
D'J/kHz [1.839]b 

D'jk [-2.025] 
D'K [16.846] 
SJ [0.409] 
R'E [-0.042] 
XjMHz -12.7731 (82) 
Xmin (Xbb ~ Xcc ) -53.4462(155) 

XM/MHz -20.3366(118) 
Xaa 33.1097 (273) 
XM/MHZ -12.7678 (30)c 

Xbb -20.3269 (30)c 

Xcc 33.1018 (30)c 

X" -0.76423 
n' 32 
<rf/kHz 6.0 

Error in brackets in units of 
the last digit. 
These values are fixed to the 
mean value between parent 
species and 34S species ones. 
Determined from the largest 
splittings of the J = 1 «- 0 
transitions. The error is 
derived from a measuring ac-
curacy of 1 kHz for a compo-
nent. 
Ray's asymmetry parameter. 
Number of observed compo-
nents. 
Standard deviation of the fit. 
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This value should be zero as a consequence of the 
Laplace equation. The residuum of 6 kHz reflects the 
measuring accuracy which is estimated to 1 kHz. With 
this assumption the x

g g
 are within the error range of 

the fitted values x
g g

 using all measured lines of Table 1. 
Unfortunately the experimental information is not 

sufficient to determine the off-diagonal nuclear 
quadrupole coupling tensor elements ygg , g ^ g ' and 
the spin-rotation constants [18]. 

The discussion and interpretation will be delayed 
until the investigation of the 33S-hfs of thiirane, 2,2-
dimethylthiirane and trans 2,3-dimethylthiirane is 
completed. 
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