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Microwave Fourier transform spectroscopy was used to reinvestigate the rotational spectra of cis-
and trans-2,3-dimethyloxirane. The potential barriers hindering the internal rotation, internal rota-
tion parameters, and partial restructures were determined. 

Introduction 

In course of our efforts to investigate with the pre-
sently possible accuracy the microwave rotational 
spectra of molecules containing two hindered methyl 
internal rotors [1-5] we reinvestigated the rotational 
spectra in the torsional ground-state of cis-2,3-
dimethyloxirane (cis-2,3-epoxybutane, CEB, cis-
CH 3 CHr—7CH - C H 3 ) and trans-2,3-dimethyloxirane 

x < y 
(trans-2,3-epoxybutane, TEB, trans-CHj— CH r 7CH 

x < y 
- C H 3 ) first investigated by Sage [6] and Emptage [7] 
at Harvard University. 

In addition we were able to measure and assign the 
13C-isotopomers in natural abundance. So a partial 
restructure could be derived. 

In a following publication we will present our 
results for 2,2-dimethyloxirane. 

The barrier F3 hindering internal rotation, other 
internal rotation parameters, rotational and centrifu-
gal distortion constants could be determined with 
high precision. 

For comparison quantum chemical calculations 
were performed with Gaussian 88 [8]. 

Experimental 

Both substances were purchased from Fa. Aldrich, 
Steinheim, FRG, and used without further purification. 

We used our microwave Fourier transform (MWFT) 
spectrometers in the waveguide (WG) [9, 10] and 
molecular beam (MB) [11, 12] versions. 

Reprint requests to Prof. Dr. H. Dreizler, Abteilung Chemi-
sche Physik, Institut für Physikalische Chemie, Universität 
Kiel, Olshausenstr. 40-60, W-2300 Kiel 1, FRG. 

The measurements with WG-MWFT spectrom-
eters were made at pressures of 1.5 to 0.5 mTorr 
(0.2-0.07 Pa) and at a temperature of - 5 8 °C. The 
frequencies of multiplet components were refined by 
evaluation of the time domain signal [13]. 

For the measurements with the MB-MWFT spec-
trometer a mixture of 2% substance in argon with a 
backing pressure of approximately 1 bar was used. No 
additional refinement for the frequencies was applied 
in this case. 

The results for CEB and two 13C-isotopomers are 
given in Tables 1 and 2, for TEB and two 1 ^ - i s o -
topomers in Tables 3 and 4. For the isotopomers only 
the hypothetical rigid rotor frequencies of the torsion 
multiplets are given. In the Tables 1 and 3 only selec-
tions of the measured transitions are given. A com-
plete list is deposited under TNA 28 at the library of 
the University of Kiel, Westring 400, W-2300 Kiel, or 
in [14]. 

The deviations öAv given in Tables 1 and 3 were 
calculated with the complete line sets. 

In Figs. 1 - 3 we present three representative mea-
surements. 

Analysis 

The assignment of the measured pb and pc-type lines 
of CEB and pb-type lines of TEB was performed with-
out difficulties on the basis of the reported data [6, 7]. 

The internal rotation analysis was based on two 
methods: a modified principal axis method (PAM) [3] 
and the internal axis method (IAM) in the formulation 
given by Woods [15, 16]. 

The invariance group of the Hamiltonian for CEB 
is CJ (x) C 3 v , for TEB C3v <g> C3 [17]. The point 
groups are Cs and C2 respectively. 
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Table 1. Selection of rotational transitions of cis-2,3-dimethyl-
oxirane (CEB) in the ground state. <5jv: difference between 
observed (Av) and calculated frequency splitting (in MHz) 
S f t : calculated with program KC3IAM; ö\bJ: with T T W F 2 . 
Exact designation of the AA, EE, AE and EA symmetry 
species F are AA 1 ; [E aE + EbE], AE, and [EgAj + EbAJ . 
(1): MB-MWFT-, (2): WG-MWFT-spectrometer. 

J'K'_K' r v(obs.) Av 

1 1 1 -0 0 0 AA 11 526.395 (1) 
EE 11 526.303 0.092 0.000 - 0 . 0 0 3 
AE 11 526.215 0.179 - 0 . 0 0 5 - 0 . 0 0 4 
EA 11 526.203 0.191 - 0 . 0 0 4 - 0 . 0 0 4 

2 1 2 - 1 0 1 AA 18 463.445 (2) 
EE 18 463.333 0.112 0.005 0.004 
AE 18 463.222 0.223 0.009 0.011 
EA 18 463.222 0.223 0.009 0.005 

2 2 1 - 2 1 2 AA 13 767.933 (1) 
EE 13 767.643 0.290 - 0 . 0 0 0 0.000 
AE 13 767.471 0.462 0.004 0.003 
EA 13 767.231 0.701 - 0 . 0 0 2 0.001 

3 1 2 - 2 2 1 AA 14 365.767 (1) 
EE 14 365.739 0.028 - 0 . 0 1 1 - 0 . 0 1 0 
AE 14 365.576 0.191 - 0 . 0 0 9 - 0 . 0 0 8 
EA 14 365.824 - 0 . 0 5 7 - 0 . 0 1 1 - 0 . 0 0 9 

3 3 0 - 3 2 1 AA 19 729.589 (2) 
EE 19 730.476 - 0 . 8 8 7 0.003 0.002 
AE 19 729.109 0.480 0.002 0.000 
EA 19 733.081 - 3 . 4 9 2 0.007 0.007 

3 3 0 - 3 2 2 AA 20 587.727 (2) 
EE 20 588.591 - 0 . 8 6 4 - 0 . 0 0 4 - 0 . 0 0 4 
AE 20 587.146 0.580 - 0 . 0 0 4 - 0 . 0 0 5 
EA 20 591.219 - 3 . 4 9 2 - 0 . 0 0 2 - 0 . 0 0 2 

4 1 3 - 3 2 2 AA 23 856.516 (2) 
EE 23 856.323 0.193 0.002 0.002 
AE 23 856.109 0.408 0.002 - 0 . 0 0 1 
EA 23 856.157 0.359 0.002 0.003 

4 1 3 - 4 0 4 AA 10 887.539 (1) 
EE 10 887.189 0.350 - 0 . 0 0 3 0.001 
AE 10 886.843 0.696 - 0 . 0 1 0 0.004 
EA 10 886.831 0.708 0.015 0.003 

4 2 2 - 4 1 3 AA 10 099.282 (1) 
EE 10 099.145 0.137 - 0 . 0 0 5 0.000 
AE 10 099.003 0.279 - 0 . 0 0 6 - 0 . 0 0 1 
EA 10 099.013 0.269 0.000 - 0 . 0 0 1 

4 3 2 - 4 2 2 AA 18 635.151 (2) 
EE 18 634.801 0.350 0.003 -0.002 ' 
AE 18 634.801 0.350 - 0 . 0 0 3 - 0 . 0 0 6 
EA 18 634.112 1.039 - 0 . 0 1 1 - 0 . 0 1 2 

5 3 2 - 4 4 1 AA 12 238.925 (1) 
EE 12 244.719 - 5 . 7 9 4 - 0 . 0 0 7 - 0 . 0 0 7 
AE 12 239.024 - 0 . 0 9 9 - 0 . 0 0 9 - 0 . 0 0 7 
EA 12 251.454 - 1 2 . 5 2 9 - 0 . 0 0 5 - 0 . 0 0 4 

5 2 3 - 5 1 4 AA 10 771.642 (1) 
EE 10 771.423 0.220 - 0 . 0 0 0 0.003 
AE 10 771.203 0.440 - 0 . 0 0 1 - 0 . 0 0 9 
EA 10 771.203 0.440 0.007 0.006 

7 3 5 --7 2 5 AA 11 973.035 (1) 
EE 11 973.130 - 0 . 0 9 6 - 0 . 0 0 2 - 0 . 0 0 2 
AE 11 973.239 - 0 . 2 0 5 - 0 . 0 0 7 - 0 . 0 0 4 
EA 11 973.211 - 0 . 1 7 6 - 0 . 0 0 1 - 0 . 0 0 4 

8 3 6 --8 2 6 AA 9 168.741 (2) 
EE 9 168.916 - 0 . 1 7 5 - 0 . 0 0 1 - 0 . 0 0 2 
AE 9 169.090 - 0 . 3 4 9 - 0 . 0 0 0 0.007 
EA 9 169.090 - 0 . 3 4 9 - 0 . 0 1 1 - 0 . 0 1 3 

12 4 9 - 1 2 3 9 AA 9 275.664 (2) 
EE 9 276.067 - 0 . 4 0 3 - 0 . 0 0 1 - 0 . 0 0 1 
AE 9 276.470 - 0 . 8 0 7 - 0 . 0 0 3 0.009 
AE 9 276.470 - 0 . 8 0 7 - 0 . 0 1 1 - 0 . 0 1 4 

15 5 11 - 1 5 4 11 AA 12 374.713 (2) 
EE 12 375.360 - 0 . 6 4 7 0.004 0.002 
AE 12 376.006 - 1 . 2 9 3 0.009 0.018 
EA 12 376.006 - 1 . 2 9 3 - 0 . 0 0 1 - 0 . 0 0 7 

Table 2. Rigid rotor transitions of cis-2,3-dimethyloxirane 
(CEB) 13C-isotopomers. Measured with MB-MWFT cavity 
spectrometer. Frequencies in MHz, calculated from mea-
sured multiplets with program KC3 IAM. 

J'K'_K'+ -JK_K+ Methyl 13C Ring I3C J'K'_K'+ -JK_K+ 

V <5V V <5V 

1 1 1 - 0 0 0 11 371.300 0.001 11 477.866 0.000 
1 1 0- 0 0 0 12 340.008 - 0 . 0 0 1 12 257.107 0.000 
2 2 0- 2 1 1 11 005.067 0.005 10 945.964 -0 .001 
3 1 2 - 3 0 3 7 702.972 0.002 7 735.510 0.002 
3 2 1 - 3 1 2 10 317.697 - 0 . 0 0 4 10 261.643 0.002 
3 2 2 - 3 1 2 9 499.508 - 0 . 0 0 6 - -

4 1 3 - 4 0 4 10 694.588 - 0 . 0 0 3 10 768.453 -0.001 
4 2 2 - 4 1 3 10 104.188 0.006 10 066.352 -0.001 

Fig. 1. WG-MWFT measurements of cis-2,3-dimethyloxirane 
(CEB). J'K'K'-JKK = 4 2 2 - 4 1 3. The EA and AE com-
ponent is not resolved. Temperature: 215 K, pressure 0.16 Pa, 
sampling interval 10 ns, 4 k data points, 1600 k averaging 
cycles, polarizing frequency 10099 MHz. 

AE EA EE AA 

Fig. 2. M B - M W F T measurement of cis-2,3-dimethyloxirane 
(CEB), transition see Figure 1. The splitting between EA and 
AE is 10 kHz, sampling interval 100 ns, 8 k data points, 500 
averaging cycles, 2% in Ar, backing pressure 1 bar. 
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Table 3. Selection of rotational transitions of trans-2,3-dimethyloxirane (TEB) in the ground state. öAv: difference between 
observed (dv) and calculated frequency splitting. calculated with program K C 3 I A M ; S^J: with TTWF2, transitions 
marked with - / - are not included in the TTWF2 fit. Exact designation of the A A, EE, AE and EA symmetry species are AjA, 
[EE a + EE b ] , [A1Ea + A1 E J , and EA. (1): MB-MWFT-, (2): WG-MWFT-spectrometer. 

J'K: JK_ K+ r v(obs.) Av 

l 1 1 - 0 0 0 AA 15 309.892 (1) 
EE 15 309.841 0.051 0.001 - 0 . 0 0 5 
AE 15 309.793 0.099 - 0 . 0 0 2 - 0 . 0 1 3 
EA 15 309.793 0.099 - 0 . 0 0 2 - 0 . 0 1 5 

l 1 0 - 1 0 1 AA 9 165.064 (1) 
EE 9 165.009 0.055 0.005 0.001 
AE 9 164.961 0.103 0.003 - 0 . 0 0 6 
EA 9 164.961 0.103 0.003 - 0 . 0 0 4 

2 1 2 - 1 0 1 AA 21 454.727 (2) 
EE 21 454.676 0.051 - 0 . 0 0 1 - 0 . 0 0 7 
AE 21 454.625 0.102 - 0 . 0 0 1 - 0 . 0 1 3 
EA 21 454.625 0.102 - 0 . 0 0 1 - 0 . 0 1 4 

2 2 0 - 2 1 1 AA 26 453.578 (2) 
EE 26 453.488 0.090 - 0 . 0 0 1 - 0 . 0 0 9 
AE 26 453.282 0.296 - 0 . 0 0 2 - 0 . 0 2 4 
EA 26 453.510 0.068 0.000 - 0 . 0 0 9 

3 0 3 - 2 1 2 AA 10 970.628 (1) 
EE 10 970.683 - 0 . 0 5 5 - 0 . 0 0 7 - 0 . 0 0 8 
AE 10 970.736 - 0 . 1 0 8 - 0 . 0 1 2 - 0 . 0 1 4 
EA 10 970.736 - 0 . 1 0 8 - 0 . 0 1 2 - 0 . 0 1 3 

3 1 2 - 3 0 3 AA 10 085.941 (1) 
EE 10 085.891 0.050 0.001 - 0 . 0 0 5 
AE 10 085.842 0.099 0.001 - 0 . 0 1 1 
EA 10 085.842 0.099 0.001 - 0 . 0 1 1 

3 3 0 - 4 2 3 AA 18 980.394 (2) 
EE 18 981.221 - 0 . 8 2 7 - 0 . 0 1 5 0.007 
AE 18 979.911 0.483 - 0 . 0 0 1 - 0 . 0 2 9 

4 1 3 - 4 0 4 AA 10 867.761 (1) 
EE 10 867.712 0.048 0.001 - 0 . 0 0 7 
AE 10 867.664 0.097 0.001 - 0 . 0 1 4 
EA 10 867.664 0.097 0.001 - 0 . 0 1 4 

4 3 2 - 5 2 3 AA 12 172.421 (1) 
EE 12 171.514 0.908 0.002 - 0 . 0 3 7 
EE* 12 526.439 -354 .438 0.001 - / -
AE 12 171.929 0.493 0.006 - 0 . 0 1 7 
EA 12 170.205 2.217 0.000 
EA* 12 525.571 - 3 5 3 . 1 5 0 - 0 . 0 0 6 - 0 . 0 8 0 

4 3 1 - 5 2 4 AA 12 529.082 (1) 
EE 12 529.496 - 0 . 4 1 4 0.007 0.023 
EE* 12 174.141 354.942 0.018 - / -
AE 12 528.599 0.484 0.002 - 0 . 0 2 3 
EA 12 530.331 - 1 . 2 4 9 - 0 . 0 0 2 0.032 
EA* 12 174.962 354.120 0.007 - / -

5 2 3 - 5 1 4 AA 24 739.611 (2) 
EE 24 739.464 0.147 - 0 . 0 0 1 - 0 . 0 0 7 
AE 24 739.319 0.292 - 0 . 0 0 3 - 0 . 0 1 9 
EA 24 739.319 0.292 0.003 - 0 . 0 1 2 

6 2 4 - 6 1 5 AA 24 078.643 (2) 
EE 24 078.502 0.141 - 0 . 0 0 5 - 0 . 0 1 0 
AE 24 078.360 0.283 - 0 . 0 0 8 - 0 . 0 2 2 
EA 24 078.360 0.283 - 0 . 0 0 8 - 0 . 0 1 8 

7 1 6 - 6 2 5 AA 23 172.420 (2) 
EE 23 172.564 - 0 . 1 4 4 0.002 - 0 . 0 0 5 
AE 23 172.712 - 0 . 2 9 2 0.001 - 0 . 0 1 5 
EA 23 172.712 - 0 . 2 9 2 0.001 - 0 . 0 1 1 

7 2 5 - 7 1 6 AA 23 465.688 (2) 
EE 23 465.546 0.142 - 0 . 0 0 1 - 0 . 0 0 6 
AE 23 465.404 0.285 - 0 . 0 0 0 - 0 . 0 1 2 
EA 23 465.404 0.285 - 0 . 0 0 0 - 0 . 0 1 1 

7 4 4 - 8 3 5 AA 10 707.821 (2) 
EE 10 706.207 1.614 0.002 - 0 . 0 3 7 
EE* 10 791.931 - 8 4 . 1 0 9 - 0 . 0 0 9 - / -
AE 10 707.159 0.663 - 0 . 0 0 1 - 0 . 0 2 5 
EA 10 704.356 3.466 0.004 - 0 . 0 7 5 
EA* 10 790.164 - 8 2 . 3 4 3 - 0 . 0 0 0 - / -

J'K'_K'+ -J K_K. K r v(obs.) Av KJ 

9 2 8 - S ! 3 5 AA 12 673.534 I 
EE 12 673.752 - 0 . 2 1 8 - 0 . 0 0 1 0.005 
AE 12 674.001 - 0 . 4 6 7 - 0 . 0 0 3 0.011 
EA 12 673.941 - 0 . 4 0 7 - 0 . 0 0 3 0.009 

10 5 6 - 11 4 7 AA 9 130.296 1 
EE 9 128.036 2.260 0.001 - 0 . 0 2 2 
EE* 9 146.329 - 1 6 . 0 3 4 0.010 - / -
AE 9 129.470 0.825 0.000 - 0 . 0 2 2 
EA 9 125.486 4.810 0.007 - 0 . 0 3 9 
EA* 9 144.493 - 1 4 . 1 9 8 - 0 . 0 0 2 - / -

14 4 11 - 1 3 5 8 AA 10 678.711 ( 
EE 10 677.986 0.725 - 0 . 0 0 2 
EE* 10 798.716 -•120.004 - 0 . 0 0 7 
AE 10 679.534 - 0 . 8 2 3 - 0 . 0 0 1 - / -

EA 10 676.659 2.052 0.002 
EA* 10 797.507 --118.796 - 0 . 0 1 5 - / -

15 7 9 - 16 6 10 AA 12 482.501 ( 
EE* 12 481.889 0.612 0.000 - / -
AE 12 481.408 1.092 0.000 
EA* 12 481.107 1.393 0.000 - / -

1 6 4 1 2 - 15 5 11 AA 24 334.933 ( 
EE 24 335.767 - 0 . 8 3 4 0.004 - / -

AE 24 335.767 - 0 . 8 3 4 - 0 . 0 0 2 - / -
EA 24 337.248 - 2 . 3 1 5 - 0 . 0 0 1 - / -

15 7 8 - 16 6 11 AA 12 482.822 ( 
EE* 12 482.342 0.481 0.000 
AE 12 481.730 1.092 0.000 - / -

EA* 12 482.031 0.791 0.000 - / -

17 5 1 2 - 1 6 6 11 AA 12 365.856 ( 
EE 12 368.342 - 2 . 4 8 6 - 0 . 0 0 2 - / -

EE* 12 343.634 22.222 - 0 . 0 0 1 - / -

AE 12 366.828 - 0 . 9 7 1 - 0 . 0 0 4 
EA* 12 345.781 20.075 - 0 . 0 0 4 

17 5 1 3 - 16 6 1 0 AA 12 341.078 ( 
EE 12 339.559 1.518 0.000 - / -
EE* 12 364.268 - 2 3 . 1 8 9 - 0 . 0 0 1 - / -
AE 12 342.047 - 0 . 9 6 9 - 0 . 0 0 3 - / -

EA* 12 363.087 - 2 2 . 0 1 0 0.002 
19 5 1 4 - 1 8 6 1 3 AA 25 768.124 1 

EE 25 770.109 - 1 . 9 8 5 - 0 . 0 0 0 
EE* 25 696.990 71.132 0.002 - / -

AE 25 769.103 - 0 . 9 7 9 - 0 . 0 1 1 
195 1 5 - 1 8 6 1 2 AA 25 693.758 1 

EE 25 692.740 1.018 - 0 . 0 0 0 - / -
EE* 25 765.861 - 7 2 . 1 0 3 - 0 . 0 0 5 - / -

AE 25 694.727 - 0 . 9 6 9 - 0 . 0 0 4 
25 8 18 24 9 15 AA 10 602.780 I 

EE* 10 603.318 - 0 . 5 3 9 - 0 . 0 0 4 - / -

AE 10 604.028 - 1 . 2 4 8 0.005 
EA* 10 603.816 - 1 . 0 3 6 - 0 . 0 1 0 

26 11 1 6 - 2 7 10 17 
AA 12 529.970 1 
EE* 12 529.281 0.689 0.005 
AE 12 528.656 1.315 - 0 . 0 0 7 
EA* 12 528.594 1.376 0.007 - / -

28 9 19 - 2 7 10 18 
AA 12 242.677 1 
EE* 12 243.404 - 0 . 7 2 7 - 0 . 0 0 5 
AE 12 243.973 - 1 . 2 9 6 - 0 . 0 0 1 - / -

EA* 12 244.132 - 1 . 4 5 6 - 0 . 0 0 5 

(2) 

(2) 

(2) 

(2) 

(2) 

(2) 

(2) 

(2) 

(2) 

(2) 

(2) 

(2) 

(2) 
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AA 15 7 9 - 16 6 1 0 

6 11 

Fig. 3. trans-2,3-Dimethyloxirane (TEB), 
WG-MWFT measurement. J'K'K'-J KK 
= 1 5 7 9 - 1 6 6 10 and 15 7 8 - 1 6 6 11. 
The EA* and EE* components belong 
to the transitions 15 7 9 - 1 6 6 11 and 
1 5 7 8 - 1 6 6 1 0 . The occurrence of these 
c-type spectra is caused by the near de-
generate K-doublet. Temperature 215 K, 
pressure 0.07 Pa, sampling interval 10 ns, 
4 k data points, 1600 k averaging cycles, 
polarizing frequency 12 482 MHz. 1 2 4 8 3 . 0 0 0 MHz 

Table 4. Rigid rotor transitions of trans-2,3-dimethyloxirane 
(TEB) 13C-isotopomers. Measured with MB-MWFT cavity 
spectrometer. Frequencies in MHz, calculated from mea-
sured multiplets with program KC3 IAM. 

J'K'_K'+ -J K_K+ Methyl 13C Ring 13C J'K'_K'+ -J K_K+ 

V <5V V <5V 

1 1 1 - 0 0 0 15 181.085 0.002 15 244.189 0.003 
1 1 0 1 0 1 9 183.005 - 0 . 0 0 1 9 112.826 -0 .003 
2 1 1 - 2 0 2 9 529.163 -0 .001 9 468.000 -0 .002 
3 0 3 - 2 1 2 10 447.686 0.003 10 957.176 0.001 
3 1 2 - 3 0 3 10 065.940 0.000 10 019.343 0.000 
4 0 4 - 3 1 3 17 199.433 -0 .003 17 858.117 - 0 . 0 0 1 
4 1 3 - 4 0 4 10 813.870 0.001 10 788.572 0.001 

Table 5. Rotational and centrifugal distortion constants 
ui TIS-I,J-UUIIMI)IUAHANT I J . »»AISUN s n LCUULIIUII 111 
Ir representation, a: single standard deviation. 

K C 3 I A M 
+ Z F A P 4 

T T W F 2 Sage 
[6] 

Gaussian 88 
[81 

A (MHz) 8057.7691(6) 8057.9225(12) 8057.71 8349.992 
B (MHz) 4461.3325(4) 4461.3746(9) 4461.36 4422.084 
C (MHz) 3468.5166(4) 3468.3162(5) 3468.60 3474.358 

(kHz) 2.102(7) 2.101(10) - -

AJK (kHz) - 6 . 1 5 3 ( 2 3 ) - 6 . 4 5 3 ( 3 0 ) - -

(kHz) 13.570(24) 13.903(34) - -

<5, (kHz) 0.688(2) 0.689(4) - -

<5* (kHz) 1.591(46) 1.843(90) - -

a (kHz) 2.0 3.7 - -

We used the p r o g r a m T T W F 2 [3] for the P A M , the 
p rog ram K C 3 I A M [18] for the IAM-analys is . 

The centrifugal distort ion analysis followed Watson 's 
A reduct ion [19] representa t ion I r [20]. T h e p r o g r a m 
Z F A P 4 [21] was used. F o r T E B the p r o g r a m T T W F 2 
used the representa t ion IT. 

Table 6. Freedom cofreedom matrix of Table 5 (program 
TTWF2). 

A 0.161 
B 0.651 0.113 
C 0.867 0.583 0.135 
Aj 0.895 0.763 0.801 0.191 
A
JK

 0.845 0.677 0.749 0.957 0.026 
A
K
 0.677 0.647 0.919 0.887 0.703 0.154 

öj 0.876 0.702 0.716 0.944 0.102 0.738 0.024 
d* 0.958 0.753 0.610 0.786 0.515 0.709 0.459 0.083 

Table 7. Internal rotation parameters of cis-2,3-dimethyl-
oxirane (CEB). 

KC3IAM TTWF2 Sage [6] 

i/ (kJ/mol) <; o n o i l a 6 892'18^ c -7io tcirw yj. i 4.KJ \KJJ\JJ 
v3 (kcal/mol) 1.6509 (6)a 1.6461(5) 1.607(150) 
COi(s) (10-*) -89.105(86) - -

(amuA ) 3.165(10) 3.169(9) [3.194] b 

< (i, a) (deg.) 56.61 (6) 56.67(5) -

<(i,b) (deg.) 42.29(6) 42.34(4) -

* (i, c) (deg.) 67.22(11) 67.07(7) -

a (kHz) 5.9 5.6 -

a Calculated from (u^s). - b [ . . .] : assumed. 

The in ternal ro ta t ion and centr ifugal d i s tor t ion 
analyses of the spectra were m a d e in an a l te rna t ing 
sequence unti l the fits converged with er rors of the 
order of the exper imental errors. 

The ro ta t iona l cons tan ts apply to frequencies of a 
hypothe t ica l rigid ro tor calculated in course of the 
IAM-analys is . 

T h e in ternal ro ta t ion analysis resulted in a de termi-
na t ion of the barr ier height V3 (PAM) or the reduced 
barr ier height s, via the Four ie r coefficient w ^ s ) 
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Table 8. Rotational and centrifugal distortion constants of 
trans-2,3-dimethyloxirane (TEB). Watson's A reduction, a : 
single standard deviation. 

KC3IAM TTWF2 Emp- Gaussian 88 
+ ZFAP4 tage [8] 

Repres. Ir IIr [7] 

A (MHz) 12 237.4418(7) 12 237.4616(160) 12 237.38 12 718.318 
B (MHz) 3 422.9051(2) 3 422.9519(21) 3 423.02 3 429.668 
C (MHz) 3 072.4168(3) 3 072.3538(190) 3 072.52 3 097.750 
Aj (kHz) 0.601(2) 16.831(5) 
AJK (kHz) -1 .532(15) -50.284(15) 
AK (kHz) 34.102(5) 34.230(9) 
Sj (kHz) 0.0825(4) -8 .196(3) 
<5* (kHz) 0.982(3) 16.408(4) 
a (kHz) 4.0 3.8 

Table 9. Freedom cofreedom matrix of Table 8 (program 
ZFAP4). 

A 0.072 
B 0.415 0.116 
C 0.462 0.762 0.116 
Aj 0.583 0.702 0.618 0.009 
AJK 0.583 0.706 0.673 0.108 0.007 
AK 0.639 0.747 0.730 0.407 0.309 0.055 
Sj 0.777 0.664 0.842 0.604 0.663 0.768 0.112 
Sr 0.670 0.771 0.737 0.328 0.317 0.467 0.715 0.042 

Table 10. Internal rotation parameters of trans-2,3-dimethyl-
oxirane (TEB). 

KC3IAM T T W F 2 Emptage [7] 

v3 (kJ/mol) 10.318(22): ä 10.323(35) 10.232(630) 
v3 (kcal/mol) 2.4644(6)1 1 2.4658(9) 2.607(150) 
COt(s) (10"6) -7.967(16) - -

K (amuA2) 3.165(7) [3.165] b [3.194] b 

< (U a) (deg.) 23.20(29) 23.64(8) -

<(U b) (deg.) 78.88(55) 78.54(8) -

<(i,c) (deg.) 69.91(31) [69.62] b 
-

a (kHz) 5.9 22.9 -

a Calculated from (ol ( s ) . - b [ . . . ] : assumed. 

Table 11. Rotational constants of 13C-isotopomers. 

CEB TEB 

ring 1 3C methyl 13C ring 1 3 C methyl 13C 

A (MHz) 8023.833(1) 7975.859(1) 12 178.540(1) 12 182.078(1) 
B (MHz) 4433.290(1) 4364.165(1) 3 410.862(1) 3 335.768(1) 
C (MHz) 3454.037(1) 3395.445(1) 3 065.680(1) 2 999.040(1) 

(IAM), the moment of inertia Ia of the methyl group 
and the angles between the internal rotation axis i and 
the principal inertia axes g = a, b, c: £ (i, g). Hereby 
the sum of the squares of the direction cosines of the 
three angles was fixed to 1. 

Fig. 4. Perspective drawing of (CEB) cis-2,3-dimethyloxirane 
in its principal axes system with the symmetry plane b, c. In 
Figs. 4 and 5 the position of the methyl hydrogens results 
from Gaussian calculations. 

Fig. 5. Perspective drawing of trans-2,3-dimethyloxirane in 
its principal axes system with b the C2 axis. 

For TEB the measured lines up to the rotation 
quantum number J = 12 contain not enough informa-
tion to determine Ix and all (i, g). They were taken 
in this case from an IAM-analysis of lines up to J = 30. 
The PAM-analysis of the same set of lines was pre-
vented by computer restrictions although all calcula-
tions were made with a Cray X-MP/216 computer. 
The larger off-diagonal elements in the PAM-matrices 
require larger matrices to get a sufficient accuracy. 

The results are compiled for CEB in the Tables 5 -7 , 
for TEB in Tables 8-10. The Tables 6 and 9 give the 
freedom cofreedom matrix proposed in [22]. Small 
diagonal elements indicate a high interdependence of 
parameters in the multi-variate fit. Small off-diagonal 
elements show the connections to the interdependent 
parameters. 

The central frequencies of the multiplets of the 13C-
isotopomers given in Tables 2 and 4 were calculated 
with an IAM-analysis. In some cases the EE compo-
nent in the designation of the normal isotopomer was 
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Table 12. Cartesian coordinates of the C-atoms in the princi-
pal axis system (restructure). 

CEB TEB 

ring I 3 C methyl 1 3 C ring 1 3 C methyl 1 3 C 

a(A) 
M Ä ) 
C(Ä) 

±0 .73114(3) 
0.28457(7) 
0.43492(5) 

±1 .58154(5) 
0.81646(9) 

- 0 . 1 2 7 6 5 ( 6 0 ) 

±0 .58699(4) 
0.14181(17) 

+ 0.42697(6) 

±1 .96991(2) 
0.43134(6) 

+ 0.10207(25) 

Table 13. Comparison of angles between the ring C (Cr)~ 
methyl C (Cm) bonds and the axes of inertia with internal 
rotation axes. £ (i, g): angle between bond respective internal 
rotation axis and principal axis g. -fc (i, i'): angle between both 
bonds or internal rotation axes. 

CEB TEB 

rs ab int. rot. rs ab int. rot. 
initio initio 

* («', a) (deg.) 55.48 54.48 56.67(5) 23.56 23.51 23.20(29) 
<(i,b) (deg.) 42.80 43.14 42.34(4) 78.94 78.98 78.88(55) 
* f t c ) (deg.) 67.98 68.86 67.07(7) 69.47 69.50 69.91(31) 
* (»', <") (deg.) 69.05 70.84 66.65 157.87 157.96 157.77 

Table 14. Comparison of structure. 

CEB TEB Propen-
oxid 

ab initio r ab initio r 

r ( C r - C J 
R(CR-CR) 
r ( C r - 0 ) 

( Ä ) 

( Ä ) 

(Ä) 

1.501 1.506 
i .458 
1.407 

1.509 
1.452 

1.505 
1.454 
1.408 

* ( C r - C ' r - C J (Ä) 124.5 
* ( 0 - C r - C J (Ä) -

125.4 
117.4 

122.3 123.0 
117.9 

1.518 
1.451 
1.436/ 
1.416 

121.6 
116.2 

observed to be slightly split according to the invari-
ance group C^1' ® C^2) [17]. Here the mean value was 
taken. The rotational constants of the CEB- and TEB 
13C-isotopomers are given in Table 11. They were cal-
culated using the centrifugal distortion constants of the 
normal isotopomer. 

Structure 

For both molecules three sets of rotational con-
stants were available. In Figs. 4 and 5 we give draw-
ings of both molecules in their principal axes systems. 
So rs coordinates and a partial restructure could be 
calculated [23], The results are given in Tables 12 and 
13 together with calculations with Gaussian 88 using 
a 6-3IG* basis set. From the experimental data a tilt 
angle of 1.3° for CEB and 0.4° for TEB resulted. Here 
the tilt angle is half of the difference of the angle be-
tween the internal rotation axes i, i': < (i, i') and the 
angle of the axes between the bonds C rCm and C'TC'm : 
£ (C rCm , C'TC'm). The planes defined by the sides of 
these angles do not coincide. 

In Table 14 we compare structures obtained by 
different methods and the structure of the related 
propenoxide H 2 C v — 7 C H - C H 3 [24], 

N < y 

The determination of a more complete restructure 
of the ring requires the measurement of the spectra of 
the 180-isotopomers. 
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