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With 1-butyne a series of barrier determinations from rotational spectra in the torsional 
ground state of ethyl compounds was continued. The barrier is different to the value from an 
analysis of the rotational spectrum of the first torsional state. 

T h e microwave spect rum of 1-butyne (ethyl-
acetylene), HC = C - C H 2 — C H 3 , was first investi-
gated by Job et al. [1], Recently a centrifugal distor-
tion analysis and a de terminat ion of the barr ier to 
internal rotat ion of the methyl group f rom the first 
excited torsional state was reported by Demaison 
et al. [2] and Landsberg and Suenram [3]. In [2] and 
[3] a Coriol is type interaction between the first 
torsional and the lowest bending state was noticed. 
T h e de termina t ion of the barrier f rom an excited 
state may be per turbed by this interaction [ 4 - 6 ] , 

We decided to investigate the ground state spec-
t rum as this should be the least influenced one. The 
h igher resolution combined with the high sensitivity 
of microwave Four ier t ransform spectroscopy 
[7 — 10] makes this investigation feasible. 

T h e sample was kindly provided by Dr. Lands-
berg [3] and measured in the pressure and tempera-
ture range f rom 0.8 to 1.5 mTor r and f rom - 3 0 ° to 
- 4 8 °C. The measured lines and the internal rota-
tion splittings are given in Table 1. The narrow 
split ted lines were analysed by a line shape simula-
tion [11], In the region f rom 21 to 26 G H z we re-
produced the measurements of [3] with higher 
accuracy. We per formed a sixth order centrifugal 
dis tor t ion analysis [12] of 77A-species or unsplit 
t ransi t ions with J up to 38 with a s tandard deviat ion 
of 5 kHz. The Hamil tonian was the same as used in 
[2] (Equa t ion (1)). The results are given in Table 2. 
They d i f fe r partly (A, D'K) f rom those of [2] possibly 
because a very dif ferent set of lines was measured 
and d i f fe ren t sextic constants were constrained to 
zero. O u r rotational constant A is closer to that 
of [3], 

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 ethylacetylene, CH3—CH2-
C = C H . r : symmetry species, vm: measured frequency, 
deviation from calculated frequency in brackets in units of 
the last digit, Jv m : measured internal rotation splitting 
vA— vE, Avc: calculated internal rotation splitting, all fre-
quencies in [MHz], (**•**: not resolved, $: not used for 
internal rotation analysis). 

J K_ K+ J' K'_ K'+ r vm Avm Avc 

fi 8 6 3 3 . 4 1 9 ( 4) 
E * * * * * O.OOl 

fi 2 3 0 6 0 . 3 9 9 ( - 1 ) 
E O. 024 0 . 0 2 5 

A 2 3 5 2 7 . 1 1 1 <-6> 
E 0 . 0 2 5 0 . 0 2 6 

fi 2 5 9 2 8 . 8 3 9 ( 2> 

E * * * * * 0 . 0 1 0 

0 2 5 8 7 2 . 2 7 0 ( - 1 ) E * * * * * 0 . 0 0 3 

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

A 2 5 9 0 1 . 1 0 8 <—3) 
E * * * * * - O . 0 0 6 

A 2 4 2 4 0 . 0 8 6 < 6) 
E 0 . 0 2 3 0 . 0 2 7 

A 2 5 2 1 4 . 6 8 9 <20) 
E 0 . 0 2 5 0 . 0 2 9 

A 2 6 4 7 1 . 0 6 2 ( 2 ) 
E * * * * * 0 . 0 3 1 

fi 2 2 4 0 7 . 9 8 7 ( - 5 ) 
E * * * * * - 0 . 0 1 7 

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

ft 9 6 4 4 . 0 1 4 (12) 
E * * * * * 0 . 0 1 8 

ft 2 1 8 3 7 . 2 6 6 ( - 5 ) 
E 0 . 0 8 5 0 . 0 7 7 

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

ft 8 7 7 8 . 1 8 2 ( 1) 
E 0 . 084 0 . 0 8 2 

ft 8 5 9 7 . 0 4 3 ( - 1 ) 
E - O . 0 5 0 - 0 . 0 5 0 

fi 1 9 1 6 1 . 6 4 9 ( 1) 
E - 0 . 0 5 0 - 0 . 0 4 6 

ft 2 0 6 1 1 . 9 5 5 ( - 2 ) 
E 0 . 0 3 3 0 . 0 3 7 
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Table 1 (continued) 
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Determination of a High Barrier 

10608.173 

0. 166 

0. 134 0. 127 

0. 019 
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Table 2. Rotational and centrifugal distortion constants of ethylacetylene, C H 3 - C H 2 - C = CH. o\ standard deviation of 
the fit, standard errors in units of the last digit in brackets. 

A = 27147.80348(171) MHz Dj = 2.6754 (29) kHz H'j = 0.01114(50) Hz 
B = 4546.51991 (32) MHz DJK = -45.441 (50) kHz H'JK - 0.000 fixed 
C = 4086.91328 (29) MHz D'K = 579.792 (145) kHz H'KJ = - 2 . 0 6 5 (277) Hz 

<5; = 0.63067(20) kHz H'K = 39.19 (266) Hz 
= -0.03249 (4) kHz H'S = 0.00340(13) Hz 

H'E = 0.00262(41) Hz 
0 = 5 kHz H\0 = 0.00043(14) Hz 

Correlation coefficients 
1.00 
0.95 1.00 
0.96 0.98 1.00 
0.45 0.64 0.55 1.00 
0.40 0.59 0.50 0.99 1.00 

- 0 . 2 5 - 0 . 4 6 - 0 . 3 5 -0 .95 - 0 . 9 8 1.00 
0.29 0.50 0.34 0.88 0.90 -0 .89 1.00 

- 0 . 0 4 0.07 - 0 . 0 7 0.32 0.34 -0 .36 0.68 1.00 
0.36 0.49 0.47 0.68 0.65 -0 .61 0.46 - 0 . 0 2 1.00 
0.28 0.43 0.38 0.72 0.71 -0 .71 0.58 0.15 0.97 1.00 

- 0 . 2 2 - 0 . 3 9 - 0 . 3 2 - 0 . 7 2 - 0 . 7 2 0.74 - 0 . 6 0 -0 .19 - 0 . 9 4 - 0 . 9 9 1.00 
0.03 0.18 0.02 0.46 0.48 - 0 . 5 0 0.80 0.93 0.13 0.30 - 0 . 3 4 1.00 
0.07 - 0 . 0 4 0.10 - 0 . 2 5 - 0 . 2 8 0.32 - 0 . 6 2 - 0 . 9 5 - 0 . 0 3 -0 .21 0.26 - 0 . 9 0 

- 0 . 2 1 - 0 . 1 9 - 0 . 2 7 - 0 . 1 9 - 0 . 1 6 0.11 0.16 0.61 - 0 . 1 3 0.01 - 0 . 0 5 0.46 

Table 3. Internal rotation parameters of ethylacetylene, 
CH3—CH2— C = CH. w', (5): Fourier coefficient, (a, /): 
angle between the inertia axis a and the internal rotation 
axis /', 7a: moment of inertia of the methyl group, (•• •' 
correlation coefficient, <r. standard deviation of the fit, Av 
mean experimental splitting, s: reduced barrier height, F 
reduced rotational constant of the internal rotation, V3 
barrier to internal rotation, N\ number of splittings, stan-
dard errors in units of the last digit in brackets, assumption 
in square brackets. 

w, (5) 

* (a, 0 [°J 
Ij, [amuA-] 
(HI (s), (a, /)) 
(H', (s), /,) 
(* i), /,) 
a [MHz] 
A v [MHz] 
s 
F [GHz] 
V3 [kcal/mol] 
N 

The internal rotat ion splittings were analysed by 
the internal axis method (IAM) with a program 
writ ten by Woods [13, 14] and modif ied by [15, 16]. 
Using the rotat ional constants f rom Table 2 we were 
successful to fit three internal rotation parameters 
iv, (.9), the first Four ier coefficient, £ (a, /), the 

-0.1469(12) • IO-5 -0.1471(12) • 10"5 

47.55(19) 47.68(18) 
3.180(12) [3.155] 

-0 .688 -0 .709 
0.090 * * * * * 

- 0 . 3 2 9 * * * * * 

0.005 0.005 
0.092 0.092 

82.81(8) 82.79(8) 
175.30(66) 176.66(66) 

3.114(15) 3.138(15) 
61 61 

angle between the inertia axis a and the internal 
rotat ion axis i and F,, the m o m e n t of inertia of the 
methyl group. They are given together with derived 
parameters in Table 3. It should be ment ioned that 
the reduced barr ier s d i f fers outs ide the error limits 
f rom that given in Tab le 5 of [2], This may reflect 
the neglection of the ment ioned interaction in the 
analysis of the rotat ional spectrum of the torsional 
excited state. Consequent ly the values of V3 d i f fer 
also. They are inf luenced in addi t ion by the dif-
ferent values of 7 a . For compar ison we give in 
Table 3 barr ier pa ramete r s calculated with F, = 
3.155 a m u A2, a value taken f rom ethylf luoride [17], 
A final answer to this quest ion should be possible if 
the rotat ion-tors ion-vibrat ion interact ion is investi-
gated. 

" In compar ison to C H 3 C H 2 X , X = F [17], CI [18], 
Br [19], and J [20] 1-butyne has the lowest barrier. 

We thank Dr. B. M. Landsberg, Bangor, for 
supplying the substance and providing data on his 
centr ifugal distort ion analysis pr ior to publication. 
We thank the m e m b e r s of our g roup for help and 
the Deutsche Forschungsgemeinschaf t and Fonds 
der C h e m i e for funds . T h e calculations were made 
at the compute r center of the Universi ty of Kiel. 
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