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We present the determination of the methyl barrier to internal rotation from the rotational 
spectrum in the ground state of 2-fluoropropene. A complete set of barrier parameters could be 
determined. The results are compared with those of 2-chloro- and 2-bromopropene, achieved by 
the same technique and evaluation method. 

Recently we determined the barr ier to internal 
rotation of the methyl group f rom rotat ional transi-
tions in the torsional ground state of 2-chloro- and 
2-bromopropene [1,2]. Now we present a redeter-
minat ion of the barrier to internal rotat ion of 
2-f luoropropene. The measurements were made by 
microwave Fourier t ransform spectroscopy [ 3 - 6 ] 
because of the higher resolution compared to Stark 
spectroscopy. 

2-f luoropropene, C H 3 - C F = C H 2 , was first in-
vestigated by Pierce and O'Reil ly [7], The substance 
was purchased f rom PCR Research Chemicals , 
Gainesville, Florida, USA, and used af ter vacuum 
distillation. The spectra between 8 and 26 G H z were 
recorded in the pressure range between 1 to 2 mTor r 
and at a tempera ture of approximate ly —30 °C. Our 
measurements are given in Table 1. We pe r fo rmed a 
sixth order centrifugal distort ion analysis of 83 A-
species lines with a s tandard deviat ion of 5 kHz. 
The Hamil tonian of van Eijck [8] and Typke [9] 
(Eq. (6)) was used. It is worth to ment ion, that for 
2 -bromopropene only one centrifugal distort ion 
parameter d'j could be determined. In 2-chloropro-
pene a fourth order analysis was possible. The 
results for 2-f luoropropene are given in Table 2. 

The barrier V3 was de termined f rom 77 A - E 
splittings given in Table 1. The closely split doublets 
were corrected for effects of over lapping by a line 
shape analysis [10]. The internal axis me thod (IAM) 
was applied with a version of Wood ' s p rogram 
[11-14] , Using the rotational constants of Table 2 a 
fit of the Fourier coefficient ny (5), 5 the reduced 

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 2-fluoropropene CH3—CF = 
CH 2 . r : symmetry species, vm: measured frequency, devia-
tion from calculated frequency in brackets in units of the 
last digit, Avm: measured internal rotation splitting vA— vE, 
Avc: calculated internal rotation splitting, all frequencies in 
[MHz], (****: not resolved). 

J K_ J' K'_ Ki I' vn Av„ 

O O fi 13968 . 
E 

O O ft 15096 . 

O 1 

1 1 

700 ( - 4 ) 

752 < 0 ) 

24749. 0 3 2 < 2 ) 

3 8 2 2 . 7 7 1 ( 3 ) 

23620. 977 ( 2 ) 

O l ft 2 4 9 5 0 . 8 3 3 ( - 4 ) 
E 

1 2 fi 1 2 3 4 3 . 5 5 8 ( 5 ) 
E 

0 2 ft 1 5 9 2 9 . 4 9 7 ( - 1 1 ) 
E 

0 2 fi 1 2 5 4 5 . 3 4 8 ( 1 1 ) 
E 

1 2 ft 1 5 7 2 7 . 6 9 1 ( 0 ) 
E 

2 0 fi 1 5 2 0 8 . 3 1 4 ( - 1 ) 
E 

1 3 0 2 2 5 3 9 . 4 5 0 ( - 4 ) 
E 

2 2 fi 1 0 7 9 0 . 8 8 8 ( 7 ) 
E 

0 3 f t 2 3 5 3 2 . 0 4 5 ( - 1 ) 
E 

1 2 ft 1 8 5 0 5 . 6 3 9 ( - 2 ) 
E 

2 1 fi 8 8 9 2 . 5 8 7 ( - 6 ) 
E 

0 3 fi 2 2 5 6 2 . 4 4 8 ( - 4 ) 
E 

1 2 fi 1 1 7 6 0 . 4 8 7 ( 8 ) 
E 

1 3 fi 2 3 5 0 9 . 0 5 3 ( - 7 ) 

A vr 
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Table 1 (continued) 
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Table 2. Rotational and centrifugal distortion constants of 2-fluoropropene C H 3 - C F = CH2 . o\ standard deviation of the 
fit, standard errors in units of the last digit in brackets. 

A = 10169.70848(108) MHz D'J = 2.440(89) kHz H'J = 0.000 fixed 
B= 9041.63008(109) MHz DJK = 12.997(13) kHz H 'J K - ~ -3.80(619) Hz 
C = 4927.06935(109) MHz D'K = -4 .813 (9) kHz H'KJ - 4.37(140) Hz 

<5/ = 1.643(12) kHz H'K =--2.37 (72) Hz 
R'e = -0 .830 (6) kHz H'S = - 0.79 (33) Hz = -0 .830 (6) kHz 

HE = 3.88(145) Hz 
a = 5 kHz H'\O = ~ -1.98 (70) Hz 

Correlation coefficients 

l.UU 
0.99 1.00 
0.91 0.92 1.00 
0.85 0.86 0.89 1.00 
0.11 0.17 -0 .09 0.04 1.00 
0.08 0.02 -0 .06 - 0 . 0 5 - 0 . 4 6 1.00 
0.13 0.18 -0 .10 0.05 0.89 - 0 . 0 7 1.00 
0.10 0.15 -0 .07 0.07 0.88 - 0 . 1 6 0.98 1.00 

- 0 . 0 8 - 0 . 0 2 0.06 0.09 0.42 - 0 . 4 8 0.40 0.56 1.00 
0.08 0.01 -0 .06 - 0 . 0 8 - 0 . 3 8 0.44 --0.37 - 0 . 5 3 - 0 . 9 9 1.00 

- 0 . 0 8 0.01 0.05 0.07 0.32 - 0 . 3 2 0.35 0.49 0.92 - 0 . 9 7 1.00 
- 0 . 0 3 0.01 0.04 0.09 0.51 - 0 . 3 5 0.56 0.70 0.95 -0 .91 0.82 1.00 

0.06 0.01 -0 .06 - 0 . 0 9 - 0 . 4 4 0.45 --0.45 - 0 . 6 0 - 0 . 9 9 0.97 - 0 . 9 0 - 0 . 9 8 1.00 
- 0 . 0 9 - 0 . 0 2 0.07 0.08 0.38 - 0 . 5 1 0.34 0.50 0.99 - 0 . 9 9 0.93 0.92 -0 .98 1 

Table 3. Internal rotation parameters of 2-fluoropropene, 
C H 3 - C F = CH2 . W\(S): Fourier coefficient, (A, I): angle 
between the inertia axis a and the internal rotation axis /', 

: moment of inertia of the methyl group, (•••): correla-
tion coefficient, er. standard deviation of the fit, Av: mean 
experimental splitting, s: reduced barrier height, F: re-
duced rotational constant of the internal rotation, V3: 
barrier to internal rotation, N: Number of splittings, 
standard errors in units of the last digit in brackets. 

W, (5 ) -0.9256(93) • 10~5 

* ( « , 0 [°J 5.84(75) 
Ix [amuA-] 3.177(18) 
( w , ( j ) , < (a, /)) -0 .995 
( w , ( 5 ) . / , ) 0.970 
( * (a,'), IJ -0 .980 
a 1kHz] 7 
Av [kHz] 583 
s 65.41(9) 
F [GHz] 169.929(96) 
V3 [kcal/mol] 2.384(17) 
N 77 

b a r r i e r , (a, /'), t h e ang le b e t w e e n the ine r t i a 
axis a a n d t he in te rna l r o t a t i o n axis / a n d 7 a , t h e 
m o m e n t of ine r t i a of t he me thy l g roup , c o n v e r g e d 
to r e a s o n a b l e va lues as g iven in T a b l e 3. F o r th is 
m o l e c u l e t h e v a l u e of / a = 3.177(18) a m u A 2 cou ld 
b e f i t t ed , w h i c h is n e a r to t he va lue of 7a = 
3.167 a m u A 2 f o r 2 - c h l o r o p r o p e n e de r ived in [1] 
f r o m a c o m p l e t e /- s-structure [15]. 

T a b l e 5 of [2] m a y n o w b e c o m p l e t e d wi th m e a -
s u r e m e n t s t a k e n by t he s a m e t e c h n i q u e a n d eva lu-
a ted by t h e s a m e m e t h o d . T h e c o m p a r i s o n is g iven 
in T a b l e 4. T h e genera l t r end in va r i a t ion of t he 
b a r r i e r h e i g h t V3 is l ike fo r C H 3 C H 2 X , X = F , CI, 
a n d Br. V3 i nc reases f r o m F to CI a n d Br. 

W e t h a n k t he m e m b e r s of o u r g r o u p for he lp , t he 
D e u t s c h e F o r s c h u n g s g e m e i n s c h a f t and F o n d s d e r 
C h e m i e fo r f u n d s . T h e ca lcu la t ions we re m a d e at 
t h e c o m p u t e r cen te r of the Unive r s i ty of Kiel. 

Table 4. Comparison of potential barriers V3 and related parameters of 2-halopropenes CH3—CX = CH2 , X = F, CI and 
Br. Assumptions in square brackets. 

X F 35C1 37C1 79Br 81 Br 

V3 [cal/mol] 2384(17) 2568(10) 2582(12) 2571(49) 2558(74) 
< ( a , i ) [ ° ] 5.84(75) 59.78(84) 61.28(108) 56.8(34) 56.9(48) 

[amuA2] 3.177(18) [3.167] [3.167] [3.167] [3.167] 
F [GHz] 169.93(96) 165.91 165.69 164.64 164.72 
5 65.41(9) 72.15(29) 72.63(35) 72.8(14) 72.4(21) 

this work [1] [1] [2] [2] 
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