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The internal rotation barrier V3, the moment of inertia of the methyl tops and the angle be-
tween the two internal rotation axes were determined from the torsional fine structure of the 
rotational spectrum in the torsional ground state. A tilt angle of 1.4° of the methyl groups toward 
each other results. 

Propane, ( C H 3 ) 2 C H 2 , one of the fundamen ta l 
organic molecules, was first investigated with the 
help of microwave spectroscopy by Lide [1]. He 
de termined the dipole moment and the res t ruc ture 
by measur ing a sufficient n u m b e r of isotopic 
species. The barr ier to internal rotat ion was deter-
mined in a single top approx imat ion by Scharpen 
and Laurie [2] f rom the torsional f ine s t ructure of 
the rotational spectra of the first excited states. 
With a two top approximat ion it was evaluated by 
Hirota et al. [3] and Tr inkaus et al. [4, 5]. 

The high resolution and sensitivity of microwave 
Four ie r t ransform ( M W F T ) spectroscopy [6 — 9] 
m a d e it feasible to investigate the f ine s t ructure of 
the rotational spectrum in the torsional ground 
state. A more reliable barrier V3 should result as the 
inf luence of the torsion-vibration interactions is at 
its m i n i m u m . A fur ther mot ivat ion for our work 
was the fact, that a CCC-angle of 112.4(2)° results 
f rom the /-s-structure given in Table 4 of [1], whereas 
the internal rotation axes assumed to be perpendic-
ular to the plane def ined by the three methyl 
hydrogens enclose an angle of 110.8°. This means , 
that the methyl groups are tilted toward each other. 
It is a second point of this study to de te rmine the 
posit ion of the internal rotat ion axes with respect to 
the inertia axes. As the dipole m o m e n t p is 0.083 D 
[1] it is diff icul t to modula te high J transit ions by 
Stark spectroscopy. So only low J transitions were 
observed hitherto. 

Reprint requests to Prof. Dr. H. Dreizler, Institut für Phy-
sikalische Chemie der Universität Kiel, Olshausenstr. 40, 
D-2300 Kiel. 

Table 1. Measured transitions of propane, CH3—CH2-CH3 . 
r : symmetry species, vm: measured frequency, dvm: mea-
sured internal rotation splitting v ^ — vr, Avc: calculated 
internal rotation splitting, EE* and EA* are forbidden 
transitions, all frequencies in [MHz], 

J K_ J' Ki K'+ r Vm z) vc 

1 i 0 1 0 i AA 2 1 7 4 8 . 4 3 2 
EE O. 0 6 9 0 . 0 5 9 
AE 0 . 144 0 . 1 18 
EA 0 . 144 0 . 118 

2 0 2 1 I l AA 1 1 0 1 3 . 8 8 3 
EE - 0 . 0 5 4 - 0 . 0 5 2 
AE - O . 112 - 0 . 103 
EA - O . 122 - 0 . 103 

2 l 1 2 0 2 AA 2 2 7 6 9 . 8 1 3 
EE 0 . 0 7 6 0 . 061 
AE 0 . 151 0 . 122 
EA 0 . 151 0 . 122 

3 l 2 3 0 3 AA 2 4 3 6 5 . 5 3 1 
EE 0 . 0 8 0 0 . 0 6 5 
AE 0 . 161 0 . 129 
EA 0 . 161 0 . 129 

5 l 4 4 2 3 AA 2 2 9 3 3 . 6 8 0 
EE - 0 . 150 - 0 . 135 
AE - 0 . 3 0 5 - 0 . 2 7 1 
EA - 0 . 305 - 0 . 271 

5 3 2 6 2 5 AA 1 1 3 2 0 . 2 9 9 
EE 0 . 2 5 6 0 . 2 3 0 
AE 0 . 5 6 0 0 . 4 8 8 
EA 0 . 4 7 5 0 . 4 3 2 

5 3 3 6 2 4 AA 8 9 5 4 . 6 8 0 
EE 0 . 2 6 6 0 . 2 5 3 
AE 0 . 4 8 5 0 . 4 7 8 
EA 0 . 5 5 9 0 . 5 3 5 

7 2 5 6 3 4 AA 8 3 0 8 . 0 3 2 
EE - 0 . 2 4 7 - 0 . 2 3 6 
AE - 0 . 5 0 2 - 0 . 4 6 2 
EA - 0 . 5 0 2 - 0 . 4 8 0 

7 4 4 8 3 5 AA 2 0 6 5 9 . 0 2 1 
EE 0 . 4 4 8 0 . 4 6 6 
AE 0 . 6 0 7 0 . 6 0 4 
EA 1. 145 1. 165 

7 4 3 8 3 6 AA 2 1 0 0 1 . 7 8 6 
EE 0 . 171 0 . 139 
AE 0 . 6 1 2 0 . 6 0 5 

e 2 6 7 3 5 AA 2 6 1 3 2 . 8 1 6 
EE - 0 . 2 1 9 - 0 . 221 
AE - 0 . 4 2 9 - 0 . 4 4 2 
EA - 0 . 4 2 9 - 0 . 4 4 9 
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Table 1 (continued) Table 1 (continued) 

J K_ K+ J' Ki Ki r vr Avn A\'r 

Oft 
EE 
OE 
Oft 
EE 
RE 
Eft 

EE 
Eft 

fift 
EE 
fiE 
Eft 
E E * 
E f t * 

ftfi 
EE 
Eft 
E E * 
E f t * 

ftft 
EE 
ftE 
E E * 

ftfi 

fiE 
EO 

1 2 3 8 1 . 5 9 5 

EE 
ftE 
Eft 
E E * 

Oft 
EE 
OE 
E E * 

ftft 
EE 
OE 
E E * 

Oft 
EE 
OE 

OO 
EE 
OE 

fift 
EE 
OE 

EO 
E E * 

-O.228 
- O . 4 5 4 

- 0 . 3 0 6 
- O . 5 7 0 
- O . 6 6 9 

- 0 . 262 
- 0 . 4 8 5 

- 0 . 068 
0. 618 

- 0 . 3 5 6 
8 5 . 2 7 8 
8 5 . 0 4 2 

1 5 2 4 6 . 9 6 3 
0 . 6 3 0 
1. 5B3 

- 8 4 . 6 3 6 
- 8 3 . 7 4 3 

0 . 8 9 7 
0 . 6 7 3 

- 8 . 6 4 1 

- 0 . 2 5 3 
0 . 6 4 8 
9 . 2 9 8 

1 7 1 1 9 . 1 2 5 

1 7 4 4 0 . 6 2 8 

2 0 3 7 2 . 7 9 0 

2 2 8 6 1 . 9 5 0 

1 2 0 6 1 . 5 4 2 

-0. 216 
-0. 611 
- 0 . 3 1 1 

- 0 . 3 8 2 
- 0 . 6 2 5 
- 0 . 8 9 3 

- 0 . 190 
0 . 5 7 5 

- O . 4 8 3 
19. 7 3 8 

0 . 7 9 6 
0 . 5 9 5 
1. 7 1 7 

- 1 9 . 130 

0 . 5 4 7 
2 . 0 8 7 

0. 800 
0 . 5 2 8 

- 1 . 5 4 0 

- 0 . 4 9 4 
- 0 . 5 7 8 

- 0 . 0 7 6 
- 0 . 5 7 2 

0 . 134 
- 0 . 4 6 1 

0 . 3 8 3 
- 8 . 7 0 4 

-0. 618 
- 0 . 4 8 5 
- 1 . 3 1 5 

8 . 2 2 3 

J K_ K+ J' K'_ Ki r Av„ A\'r 

- O . 2 3 5 
- 0 . 47C> 

- 0 . 3 0 6 
- 0 . 5 7 0 
- 0 . 6 5 3 

- 0 . 266 
- 0 . 4 9 0 

- 0 . 0 5 2 
0 . 6 4 6 

- 0 . 3 2 7 
8 5 . 2 7 6 
8 5 . 0 3 1 

0 . 6 9 8 
1. 6 1 9 

- 8 4 . 6 3 0 
- 8 3 . 7 3 8 

0 . 8 8 9 
0 . 6 4 0 

- 8 . 6 5 2 

-O . 2 4 9 
0 . 6 4 0 
9 . 2 9 2 

- O . 6 0 4 
- 0 . 3 0 0 

- 0 . 3 8 2 
- 0 . 6 0 3 
- 0 . 9 1 0 

- 0 . 176 
0 . 6 1 8 

- 0 . 4 5 6 
19. 7 4 2 

0 . 7 9 4 
0. 618 
1. 6 9 2 

- 1 9 . 124 

- 0 . 2 5 5 
0 . 5 5 5 
2 . 0 8 4 

0. 810 
0 . 5 5 5 

- 1 . 5 2 9 

- 0 . 5 0 0 
- 0 . 5 6 9 

- 0 . 0 6 9 
- 0 . 5 6 9 

0. 120 
- 0 . 5 0 7 

0 . 3 2 6 
- 8 . 7 1 9 

- 0 . 6 2 7 
- 0 . 5 0 7 
- 1 . 3 4 0 

18 8 10 19 7 13 « 0 1 4 8 2 5 . 3 3 1 

18 6 11 19 7 i : 

7 14 2 0 8 I : 

20 8 i ; 

OE 0 . 4 2 1 0 . 4 2 9 
E E * 0 . 5 8 9 0 . 5 9 5 

0 0 1 4 8 2 4 . 8 7 0 
OE 0 . 4 1 9 0 . 4 2 9 
E E * - 0 . 179 - O . 166 

0 0 1 7 6 1 3 . 1 9 4 
EE - 0 . 5 0 4 - 0 . 4 6 9 
E E * 1 . 5 1 8 1 . 5 2 1 

0 0 1 7 6 1 1 . 2 8 4 
EE 0 . 1 0 3 0 . 0 8 4 

21 9 12 

8 14 0 0 9 2 8 2 . 2 3 8 
OE 0 . 2 9 8 0 . 2 8 8 

8 15 0 0 9 2 8 2 . 3 2 8 
E E * 0 . 2 9 E 

Table 2. Internal rotation parameters of propane 
CH3-CH2— CH3. H'i (s): Fourier coefficient, £ (g,i): angle 
between The inertia axis g =a. b and the internal rotation 
axis /, A<: moment of inertia of the methyl group, (•••): 
correlation coefficient, er: standard deviation of the fit, 
Av: mean experimental splitting, s: reduced barrier height, 
F: reduced rotational constant of the internal rotation, Vy. 
barrier to internal rotation. A, B. C rotational constants 
fitted to the AA-species transitions of Table 1 by a centrif-
ugal distortion analysis, given in square brackets as 
assumption for this analysis, < (/, /): angle between the 
internal rotation axes. (Standard errors in units of the last 
digit.) 

H', ( j ) -0.1909(29) 10~5 

* ( « , / ) [°] 35.17(64) 
< (b, 0 ° 1 54.83(64) 

[arnuA-] 3.198(21) 
(vr, (s), * (a, /)) -0 .957 
(h i (s), /„) -0.931 

0.891 
0 [MHz] 0.021 
Av [MHz] 4.797 

80.22(15) 
F [GHz] 183.99(121) 
F3 [kcal/mol] 3.166(27) 
A [MHz] [29207.526] 
B [MHz] [8445.962] 
C [MHz] [7459.001] 
< 0 , 0 [ ° ] 109.7(12) 

T h e s a m p l e was p u r c h a s e d f r o m Fa . Messer 
G r i e s h e i m , D ü s s e l d o r f , w i th a pur i ty of 99.5% and 
used w i t h o u t f u r t h e r p u r i f i c a t i o n . 

T h e m e a s u r e d t r ans i t i ons in the reg ion f r o m 8 to 
26.5 G H z a r e g iven in T a b l e 1. T h e p res su re was 
b e t w e e n 1 a n d 2 m T o r r a n d the t e m p e r a t u r e be-
t w e e n — 3 0 ° a n d — 40 ° C . T h e m e a s u r e m e n t s of 
n a r r o w spli t m u l t i p l e t s we re re f ined by l ine s h a p e 
ana lys i s [10] if necessary . 
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The ass ignment of the high J transitions was 
verif ied by a centr i fugal distort ion analysis of the 
AA-species components . The centrifugal distort ion 
analysis will be publ ished separately with the in-
clusion of t ransi t ions in the mil l imeter wave region 
measured in Lille [11], The consistency of the 
torsional analysis provides a fu r ther check. 

The torsional f ine structure including " fo rb idden" 
transit ions was analysed by the internal axis method 
(IAM) with a p rogram written by Woods [12, 13] 
and modi f i ed by others [14, 15]. The forb idden 
transit ions EE* and EA* connected with the regular 
/ ib- type transit ions AA, EE, EA, and AE belong to 
selection rules, which are equal to those of //c-type 
transit ions (ee-oe, oo-eo). There fore the forb idden 
and regular transit ions show a dif ferent centrifugal 
distort ion effect. Consequent ly the splittings 
AA-EE* and AA-EA* were corrected for this di f fer-
ence prior to the torsional analysis. For example for 
the fo rb idden transit ions EE* and EA* of 1055— 1 148 

the correction due to centr ifugal distort ion is 
0.279 MHz. So the AA-EE* and AA-EA* splittings 
of 1055 — 1 148 w e r e changed f rom 85.278 and 
85.042 M H z to 85.557 and 85.321 MHz. For 
1 0 5 6 - 1 147 the negative correction has to be appl ied. 

The results are given in Table 2. T h e reduced 
barr ier 5 is within the error l imits to that f rom [5] 
(5 = 80.1(25)). The value of V3 is h igher than that of 
[5] as a lower value of 7a = 3.13 a m u A 2 was assumed 
there. It should fur ther be pointed out that the angle 
between the internal axes < ( / , / ) is 109.7(12)°, 
which is in agreement with the tilt angle resulting 
f rom structure considerat ions. 

We thank Prof. Dr. W. Lüt tke, Göt t ingen , for 
s t imulat ing this investigation, Dip l . -Chem. W. Stahl 
for measurements in the initial stage of this work, 
the m e m b e r s of our g roup for he lp and the 
Deutsche Forschungsgemeinschaf t and Fonds der 
C h e m i e for funds. The calculat ion were m a d e in the 
compute r center of the Universi ty of Kiel. 
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