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For ethylbromide a determination of the parameters of internal rotation is given derived from 
the rotational spectrum of the torsional and vibrational ground state. The Br-hyperfine structure 
is reanalysed with higher precision. As high J transitions were measured a centrifugal distortion 
analysis was necessary. 

This paper presents an investigation of the rota-
tional spectrum of ethylbromide, CH3CH2Br, in the 
torsional and vibrational ground state. The barrier 
hindering internal rotation was previously deter-
mined from the rotational transitions of the first 
excited torsional state [1], because the barrier is too 
high that the splittings in the ground state could be 
resolved. The use of microwave Fourier transform 
(MWFT) spectroscopy with its higher resolution [2, 
3] made it possible to resolve the Fine structure like 
in similar cases [4-7], 

The sample was purchased from Fa. Merck with 
a purity of 98%. The spectra were recorded with 
MWFT-spectroscopy in the range of 8 to 18 GHz 
at temperatures between —55° and — 70 °C and 
pressures between 0.1 and 0.5 mTorr. In the range of 
26 -40 GHz Starkspectroscopy [8, 9] was used for 
some high J transitions. The temperatures were in 
the same range. The pressure were between 3 and 
10 mTorr. 

The measured lines are given in Tables 1 and 2 
for the isotopic species 79Br and 81 Br. In Fig. 1 we 
give an example of the measurements. The torsional 
splittings ZIVAE were refined by a line shape analysis 
[10]. They are given under ^vs im. The assignment is 
based on earlier work [11, 12] in which lines up to 
7 = 7 were reported. 

We extended the range up to J = 37 to get enough 
resolvable lines, because the splitting is very narrow. 
The assignment was checked by the consistency of 
the analysis of centrifugal distortion, Br-hyperfine 

Reprint requests to Prof. Dr. H. Dreizler, Institut für 
Physikalische Chemie der Universität Kiel, Olshausen-
straße 40, D-2300 Kiel. 

and torsional fine structure. The Stark-measure-
ments had been useful for the evaluation of the first 
two effects. The three perturbation effects were 
calculated separately. The modifications of the spec-
trum were refined by an iterative procedure. 

33/2 - 35/2 

29/2 - 31/2 31/2 - 33/2 

27/2 - 29/2 

Fig. 1. A rotational transition with Br-hfs and internal 
rotation splitting of CH3CH2

79Br, J K_K+ — J' KL K+ = 
15 3 13 - 16 2 14, the F quantum numbers and the sym-
metry species are attached to the components. Power 
spectrum, sample Intervall 100 ns, 128 K averaging cycles 
in the time domain, 28 averaging cycles in the frequency 
domain, 1024 data points supplemented by 3072 zeros 
before Fourier transformation, microwave polarising fre-
quency: v= 9431.5 MHz, pressure: p = 0.4 mTorr, tempera-
ture: T=- 70 °C. 
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Table 1. Measured transitions of CH3CH2
79Br. F: symmetry species, vexp: experimental frequency, v: arithmetic mean of 

the frequencies belonging to the same hfs transition and split by internal rotation, v0: line center (see text), v— v0: 
measured hfs shift, A v ^ : experimental torsional splitting (arithmetic mean of all hfs components), /lvsim: corrected 
torsional splitting, nr: not resolved, S: measured by using Stark spectroscopy, *: not used for quadrupole hfs analysis, 
<5c_e difference between calculated and experimental results; frequencies, splittings and deviations in MHz. 

J K+ IF J' KL Ki IF' F v'exp v — vo 4 -e A V'AE A vsim 4 - e V0 

2 1 1 7 1 1 0 5 14911 . 4 6 3 — ' j iö. 347 - 0 . 011 n r 14934 . 8 1 0 
5 3 15015 . 841 8 1 . 031 - 0 . 006 
3 1 14868 . 034 - 6 6 . , 776 0 . 014 

2 1 7 1 1 i 5 14346 . 231 - 2 6 . 437 0 . 0 0 3 n r 1 4 3 7 2 . 6 6 8 
5 Ö 1 4 4 5 0 . 887 78 . , 219 - 0 . 001 

5 0 uJ 13 4 1 4 11 11671 . 269 - 2 . , 3 4 8 - 0 . 0 2 5 n r 11673 . 6 1 7 
11 9 11672 . 122 - 1. , 4 9 5 - 0 . 0 2 3 

8 1 7 19 8 1 8 19 1 0 1 2 4 . 9 4 3 13. , 5 3 2 - 0 . 020 vir 10111 . 411 
17 17 10092 . 658 - 1 8 . 7 5 3 - 0 . 006 
15 15 1 0 0 9 8 . 318 - 1 3 . , 0 9 3 - 0 . 0 0 8 
13 13 10130 . 806 19. , 395 - 0 . 087 

15283 . 814 1 5 2 8 1 . 9 9 : 
17 

13 

8 21 
19 
17 
15 

8 21 
19 
17 

10 1 1 0 
21 
19 
17 

11 1 1 0 

19 

i i : 

10 1 

10 

14 

27 

19 1 . 8 3 6 0 . 1 1 0 - 0 . 0 2 8 - 0 . 0 2 3 0 . 0 0 0 

12 

E ' 15283 . 842 
15281 . 547 

17 y - 0 . 431 0 . 103 
E 1 5 2 8 1 . 574 

15279 . 9 6 3 
15 V - 2 . 016 0 . 099 

E> 1 5 2 7 9 . 9 8 8 
15282 . 188 

13 T 0 . 21 1 0 . 103 
E ' 15282 . 217 

21 12648 . 442 13. 782 - 0 . 0 2 4 
19 12616 . 0 1 6 - 1 8 . 644 —0. 0 0 3 
17 12621 . 2 3 4 - 1 3 . 426 - 0 . 020 
15 1 k'653. 451 18. 791 - 0 . 0 7 4 

21 3 3 1 8 5 . 2 6 8 9 . 551 - 0 . 044 
19 3 3 1 6 2 . 526 - 1 3 . 191 - 0 . 0 3 3 
17 3 3 1 6 6 . 3 4 8 - 9 . 369 - 0 . 0 2 0 
15 3 3 1 8 8 . 4 7 8 12. 761 - 0 . 074 

2 3 15448 . 8 0 6 13. 942 - 0 . 0 3 2 
21 15418 . 551 - 1 6 . 3 1 3 - 0 . 061 
19 15421 . 2 2 0 — 13. 644 - 0 . 0 3 2 
17 15456 . 239 2 1 . 3 7 5 - 0 . 131 

Al 10740, . 5 4 2 
2 3 r 2 . 051 - 0 , . 056 

E> 10740, . 5 6 3 
R1 

10734, . 6 9 0 
21 * — 3 . 802 - 0 , . 0 6 4 

E 10734, . 7 0 9 
10735, . 9 7 2 

19 f — 2 . 517 - 0 . 051 
E 10735, . 991 

10743 . 114 
17 r 4, . 6 2 5 - 0 , . 067 

EJ 10743, . 136 

9594 . 9 8 8 
31 1 r - 1 3 , . 776 0, . 037 

E ^ ' 9 5 9 5 . 0 3 8 
9592, . 8 2 0 

25 f - 1 5 . 947 - 0 . 089 
E > 1 9 5 9 2 . 8 5 8 

1 2 6 3 4 . 6 6 0 

3 3 1 7 5 . 7 1 7 

1 5 4 3 4 . 8 6 4 

1 0 7 3 8 . 5 0 1 

9 6 0 8 . 7 8 6 
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Table 1 (continued) 

J AL K+2F J' KL K'+ IF' r vexp v - v0 4 _ e Jv A E Jv s j m <5c_e v0 

1& 2 15 A) 1 6 1 6 6 . 4 7 7 1 6 1 6 1 . 1 4 5 
5 . 3 5 3 0 . 1 0 5 - 0 . 0 4 4 - 0 . 0 3 8 0 . 0 0 2 

E ' 1 6 1 6 6 . 5 1 9 
A -j 1 6 1 5 5 . 7 3 6 

E 1 6 1 5 5 . 
} 

) 

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

1 6 1 5 6 . 4 1 5 
29 31 r - 4 . 7 0 9 0 . 0 9 3 

E 1 6 1 5 6 . 4 5 6 
ft) 1 6 1 6 6 . 7 6 8 

5 . 6 4 6 0 . 0 8 3 
1 6 1 6 6 . 8 1 3 

16 2 14 Al 9 4 3 2 . 5 3 9 9 4 3 2 . 2 7 4 
3 5 T 0 . 2 8 6 0 . 0 8 1 - 0 . 0 4 0 - 0 . 0 3 6 0 . 0 0 1 

E 9 4 3 2 . 5 8 0 
A 1 9 4 3 2 . 8 2 5 

0 . 5 7 0 0 . 0 9 ; 
E ' 9 4 3 2 . 8 6 3 
A} 9 4 3 2 . 2 8 8 

29 31 J 0 . 0 3 4 0 . 0 8 4 
E 9 4 3 2 . 3 2 9 
A") 9 4 3 2 . 0 4 1 

2 7 2 9 T - 0 . 2 1 3 0 . 0 7 2 
9 4 3 2 . 0 8 0 

17 2 15 3 7 17 2 16 37 8 1 5 7 . 4 9 6 5 . 1 7 9 0 . 0 2 6 n r 8 1 5 2 . 3 1 7 
3 3 3 3 8 1 4 7 . 1 9 2 - 5 . 1 2 5 0 . 0 0 7 
31 31 8 1 5 6 . 8 6 5 4 . 5 4 8 0 . 0 2 7 

16 3 1 3 17 2 16 AT 9 3 9 1 . 6 5 2 9 3 8 4 . 7 7 3 
6 . 9 0 1 0 . 1 2 1 - 0 . 0 4 3 - 0 . 0 3 9 - 0 . 0 0 1 r 3 ! 

E 7 9 3 9 1 . 6 9 3 
9 3 7 9 . 7 4 1 

T - 5 . 0 3 2 0 . 0 6 3 
EJ 9 3 7 9 . 7 7 9 
A-v 9 3 8 1 . 8 4 2 

31 3 3 T - 2 . 9 0 6 0 . 0 9 4 
E ' 9 3 8 1 . 8 8 9 
A -j 9 3 9 0 . 3 3 9 

2 9 31 T 5 . 5 8 8 0 . 0 4 3 
E ' 9 3 9 0 . 3 8 3 

18 2 16 3 9 18 2 17 3 9 1 0 0 4 4 . 1 3 7 5 . 6 6 3 0 . 0 3 8 n r 1 0 0 3 8 . 4 7 4 
3 7 3 7 1 0 0 3 3 . 1 5 3 - 5 . 3 2 1 0 . 0 2 0 
3 5 3 5 1 0 0 3 2 . 8 9 8 - 5 . 5 7 6 0 . 0 1 4 
3 3 3 3 1 0 0 4 6 . 4 8 8 8 . 0 1 4 0 . 0 1 0 

19 2 17 41 19 2 18 41 1 2 1 9 9 . 2 7 8 6 . 1 4 1 0 . 0 4 2 n r 1 2 1 9 3 . 1 3 7 
3 9 3 9 1 2 1 8 5 . 7 2 7 - 7 . 4 1 0 0 . 0 3 1 
3 7 3 7 1 2 1 8 7 . 0 8 5 - 6 . 0 5 2 0 . 0 1 6 
3 5 3 5 1 2 1 9 9 . 9 0 8 6 . 7 7 1 0 . 0 3 9 

19 2 17 18 3 16 fll 1 6 6 0 9 . 5 9 4 1 6 6 0 7 . 3 2 0 
41 3 9 V 2 . 2 9 2 0 . 0 3 4 - 0 . 0 3 5 - 0 . 0 3 1 0 . 0 0 1 } 

' 1< E ' 1 6 6 0 9 . 6 3 0 
1 6 6 0 4 . 9 1 9 

E ' 1 6 6 0 4 . 9 5 4 
Ai 1 6 6 0 5 . 9 7 6 

E ' 1 6 6 0 6 . 0 0 9 
Ax 1 6 6 1 0 . 0 8 3 

'K 

3 8 3 0 . 0 2 4 

- 1 . 3 2 7 0 . 0 1 3 

!. 7 8 1 0 . 0 4 4 
6 6 1 0 . 1 1 8 
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Table 1 (continued) 
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J K_ K+2F J' KL KL 2F' F v exp »0 A\'t Av. V'O 

>0 2 18 43 
41 
39 
37 

>0 2 19 
41 

39 

i1 2 19 45 
S * 43 

41 
39 

il 2 20 
* 45 

41 

19 

39 

4 18 
* 47 

41 

45 

22 4 19 
* 47 

41 

24 2 23 51 
S * 49 

47 
45 

2 19 43 
41 
39 
37 

3 16 

37 

14633. 
14619. 
14620. 
14634. 

409 
179 
316 
350 

10198. 578 

E ' 10198. 
fti 10208. 

853 
1 0 2 0 8 . 2 4 1 

) 10208. 
J 
' 1 0 2 0 8 . 

1 0 2 v o . 
Ii 10198. 

J 10198. 

619 
814 

3 18 43 
41 
39 
37 

3 17 

41 

34885. 
34879. 
34880. 
34886. 

280 
384 

427 

867 
449 
198 
687 

Al 16424.299 

39 

E ' 16424. 
A-) 16434. 

E 16434. 
ft-j 16434. 

J 
E ' 16434. 
A 1 16424. 

FV 1642 

345 
712 

755 
165 

209 
040 

16424.087 

21 A/E 
491 C14864. 

L 4864. 
43 1 L 14864. 

fil 14859. 

E ' 14859. 
AI 14859. 

4859. 

1 2 3 1 9 . 
49 

47 

I ) ( i 
K 
t : 
l 1 2 3 1 

E 12319. 
AI 12317. 
/ 1 2 3 1 

A] 1231 

E ' 1231 
A , 1231 

E ' 1231 

3 20 49 
47 
45 
43 

33917. 
33929. 
33928. 
33917. 

6.575 0.050 nr 
7.655 0.025 
6.518 0.019 
7.516 0.028 

- 4.792 0.016 -0.041 -0.036 -0.003 

14626.834 

10203. 391 

538 
582 
625 
701 

752 
880 

931 

438 

485 
664 

711 
567 

613 
278 

343 
078 
385 
093 

S. 443 0. 025 

4.870 0.035 

4.985 0.036 

956 0.012 nr 
462 0.080 
,713 0.073 
776 0.109 

- 4.898 0.000 -0.045 -0.040 0.001 

5.514 0.046 

4.967 0.055 

- 5.157 0.055 

2.379 -0.121 

2.379 -0.082 

- 2.478 -0.029 -0.051 -0.047 0.002 

- 2.299 -0.169 

0.943 -0. 130 - 0 . 0 -0.044 0.001 

- 0.832 -0.080 

- 0.929 -0.137 

0.783 -0.125 

5.636 0.029 nr 
6.099 -0. 164 
5.406 0.070 
5.886 -0.181 

>4882. 911 

16429.220 

14862.204 

12318.519 

33922.979 
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Table 1 (continued) 

J K_ K+2F J' KL K'+2F' F vexp v - v 0 (5c_e Av^ z)vsim <Jc_e v0 

26 3 23 25 4 22 0 7 12119.456 12119.270 
0.209 -0.129 -0.044 -0.040 0.002 

fi? 121 

E 12119.502 
fi ) 12118.796 

12118. 831 
1 ] 12119. 116 

' 12119.161 
fi ") 12119. 66« 

E ' 12119. 70' 

} 

fi 1 14172.796 

E ' 14172.843 

L 1 4 1 7 2 -
' 14172. 
} 

- 0.453 -0.110 
E 12118.839 
ft 

49 r - 0. 132 -0. 183 
12119.161 
12119.660 

47 49 If 0.410 -0.082 
700 

26 4 22 ft") 14168.733 14170.720 
1.965 -0.031 -0.046 -0.042 0.000 

E ' 14168.777 

fi) 14172.641 

100 - 0 . 0 5 : 

1.946 0.075 
E ' 14172.690 
fi-) 14168.629 

49 Y - 2. 069 0. 049 
14168. 673 

30 3 27 63 30 3 28 63 10848.773 3.372 0.051 nr 10845.401 
* 61 61 10841.681 - 3.720 0.011 

59 59 10842.052 - 3.349 -0.009 
57 57 10849. 120 3.719 0.055 

29 5 24 30 4 27 fi1 14935.436 14933.982 
* 61 63 f 1.478 -0.141 -0.046 -0.042 -0.002 

11 l a a ^ : 
r 
1 1493J 
1 14932. 
T 
' 14932. 
) 14932.46' 

' 14932.51! 

E ' 14935.483 
fii 14932.570 

61 Y - 1.390 -0.140 

E 
ft-» 14935.350 

K 

1.490 -0.054 

1.391 -0.070 
E J 14932.396 

30 4 26 ft) 14106.708 14105.639 
61 63 T 1.090 -0.111 -0.044 -0.043 -0.002 

E 14106.750 
ftl 14104.581 

59 61 T - 1.037 -0.060 
E 14104.624 
ftl 14104.548 

57 59 J - 1.068 -0.083 
E 14104.594 
ftl 14106.617 

1.001 -0.076 
66^ 

28 65 31 3 29 65 12915.753 3.715 0.041 nr 12912.038 
63 63 12907.954 - 4.084 -0.013 
61 61 12908.341 - 3.697 -0.025 
59 59 12916.128 4.090 0.040 
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Table 1 (continued) 
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J K+2F J' KL Ki 2F' F v exp v - v0 Av, AVr Vo 

2 3 29 67 
* 65 

63 
6.1 

2 1 32 
* 67 

65 

63 

61 

33 1 33 
* 67 

65 

33 4 29 

* 69 

67 

65 

63 

lä 1 3 4 
* 71 

69 

67 

65 

34 4 31 
* 71 

69 

67 

65 

3 30 67 
65 
63 
61 

29 

2 30 

2 31 

1 5jl.'53. 
15245, 
15245, 
15254, 

17091, 

923 
401 
815 

65 

63 

61 

59 

65 

63 

67 

65 

61 

69 

67 

65 

} 
) 

i") 13 

7 13 
01 13 

p / 1 ) 

r 
E ' 9357. 

A -j 10421. 1 

E ' 10421.2 

E' 17091, 
Al 17129. 

E ' 17129. 
A1 17127. 

E' 17127. 
17089. } 

E ' 17089. 

A "j 13956. 

E ' 13956. 
13955. 

E ' 13955. 

A i 9357. 

9357. 
9358. 

9358. 
9358. 

E ' 9358. 
A 1 9357. 

Al 10458. 

E 10458. 
Al 10457. } E i 10457. 
A 1 10419. 

69 

67 

65 

63 

K 

t ; 
v. 

>419. 

>141. 

E ' 15141. 
Al 15143. 

E ' 1514Z 
Ai 1514Z ) E ' 15143. 
A1 15141, 

1 

4. 064 0. 023 nr 
4. 458 -0. 038 
4. 044 -0. 055 
4.463 0.021 

-18.025 -0.149 -0.103 -0.089 -0.005 

15249.859 

17109.406 

431 
023 

126 
402 

512 
570 

671 

798 

906 
228 

337 

597 
471 

5 1 5 
570 

613 
670 

718 

179 

298 
818 

304 

409 
499 

616 

5.16 

558 
641 

682 
708 

749 
637 

19.669 -0.005 

18.051 -0.004 

-19.786 -0.005 

19.681 0.021 -0.109 -0.099 0.000 

1 8 . 1 1 2 0 . 0 1 8 

0.512 -0.113 -0.045 -0.042 0.003 

0.407 -0.158 

0.506 -0.164 

- 0.392 -0.140 

•18.040 -0.096 -0.111 -0.107 0.004 

19.592 0.066 

18.079 0.051 

•19.721 0.058 

- 0.826 0.176 -0.042 -0.038 -0.001 

1.299 0.139 

1.366 0.105 

- 0. 704 0. 088 

13937. 171 

9358.086 

10439.278 

15142.636 

15141.68: 
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Table 1 (continued) 

581 

J A L K+2F J' KL KllF' F vexp V-vq 4-c AvAf, Jvsim 4-e 

36 6 31 37 5 32 
* 75 77 

73 75 

71 73 

69 71 

Table 2. Measured transitions of CH3CH2
8 1Br. F : symmetry species, vexp: experimental frequency, v: arithmetic mean of 

the frequencies belonging to the same hfs transition and split by internal rotation, v0: line center (see text), v— v0: 
measured hfs shift, zfvAE: experimental torsional splitting (arithmetic mean of all hfs components), ^v s i m : corrected 
torsional splitting, nr: not resolved, S: measured by using Stark spectroscopy, *: not used for quadrupole hfs analysis, 
<5c_e: differences between calculated and experimental results; frequencies, splittings and deviations in MHz. 

J K_ K+ IF J' KL K'+ IF' r vexp v - v0 -e <4vae A Vsjm c5c_e v0 

2 1 1 7 1 1 0 5 14826. 952 -19.621 - 0 . 005 nr 14846. 573 
5 3 14914. 230 67.657 0 . 007 

2 1 2 7 1 1 1 5 14268. 51 1 —22.153 0 . 032 nr 14290. 664 
5 3 14356. 013 65.349 0 . 005 

5 0 5 13 4 1 4 11 11431. 878 - 1.972 - 0 . 028 nr 11433. 850 
11 9 11432. 568 - 1.282 0 . 001 
9 7 11438. 267 4. 417 - 0 . 023 
7 5 11438. 117 4. 267 0 . 006 

8 1 7 19 8 1 8 19 1 0 0 1 0 . 312 11.289 - 0 . 003 nr 9999. 023 
17 17 9983. 404 -15.619 0 . 016 
15 15 9988. 143 -10.880 0 . 001 
13 13 10015. 175 16.152 - 0 . 036 

7 2 6 8 1 7 15717. 440 15715. 925 
17 19 f f 1. 527 0 . 107 -0.026 -0.024 -0.001 15715. 925 

E ' 15717. 463 
A1 15715. 505 

1 5 17 > - 0. 408 0 . 088 
E 1 15715. 529 

15714. 184 
13 15 > - 1.728 0 . 085 

E ' 15714. 2 1 1 
15716. 083 

1 1 13 0. 173 0 . 095 
E J 15716. 113 

9 i 8 2 1 9 1 9 21 12505. 825 11.487 - 0 . 009 nr 12494. , 338 
19 19 12478. 838 -15.500 0 . 007 
17 17 12483. 165 -11.173 - 0 . 005 
15 15 12510. 047 15.709 - 0 . 045 

9 i 8 2 1 9 0 9 21 33113. 850 7. 959 - 0 . 057 nr 33105. , 891 
S 19 19 33094. 971 -10.920 — 0 . 050 

17 17 33098. 131 - 7.760 - 0 . 059 
15 15 33116. 580 10. 689 — 0 . 076 

10 i 9 i"!3 1 0 1 1 0 ^ 3 15275. 211 11.615 - 0 . 013 nr 15263, . 596 
21 21 15250. 616 - 1 2 . 9 8 0 0 . 0 0 5 
19 1 9 15252. 258 -11.338 — 0 . 012 
17 17 15282. 51 1 18.915 — 0 . 061 

"1 
1 5 3 6 4 . 4 8 4 

E 1 ' 1 5 3 6 4 . 5 2 9 
1 5 3 6 2 . 5 5 8 

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

E ! 1 5 3 6 2 . 5 3 4 

fll 1 1 5 3 6 4 . 4 0 1 

E • ' 1 5 3 6 4 . 4 4 4 

1 . 0 0 2 0 . 0 6 1 

- 0.925 0.093 

- 0.992 0.132 

0.918 0.117 

-0.043 -0.040 
15365. 505 

0 . 0 0 1 
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Table 2 (continued) 

J AL K+2F .J' KLK+2F' F. vexp v - v 0 (5c_e J v A E Jv s i m dc_e v0 

11 1 10 10 2 9 A 7 10135.750 10134.021 
25 23 T 1.748 -0.053 -0.021 -0.018 -0.001 

E ' 10135.779 
A1 10130.822 a 1 0 

E ' 10130.841 
AT 10131.979 

21 19 7 - 2.030 -0.045 
E ' 10132.003 
A *} 10137.824 

19 17 Y 3.813 -0.049 
E ' 10137.844 

1 15 14 2 12 A I 9206.340 9217.8.19 
33 31 r -11.459 0.001 -0.041 -0.037 0.001 

E ' 9206.380 
A "I 9231.263 

31 29 V 13.465 0.010 
E J 9231.305 
A-j 9229.267 

E ' 9229.307 
A 1 9204.507 

T „ 

K 
} 

} 

- 3.190 -0.041 

11.468 0.027 

•13.291 0.058 
E I 9204.549 

15 3 12 16 2 15 Al 16866.920 16862.540 
33 35 Y 4.401 0.101 -0.042 -0.038 -0.001 

E ' 16866.961 
A 1 16858.018 

31 33 r - 4.500 0.097 
E 16858.061 
A n 16858.541 

29 31 ^ - 3,978 0.091 
E J 16858.582 
A "I 16867. 197 

27 29 t 4.679 0.073 
E J 16867.241 

15 3 13 16 2 14 A1 10280.960 10280.736 
J J J J 

7 10280 

E 10281.003 
A 1 10281.107 

y 1 0 2 O , 
1 102 

1 102 

E ' 10281. 150 
01 10280.676 

E' 10280.718 
A 7 10280.532 

E ' 10280.576 

0. 247 0. 060 -0. 043 -0. 039 0. 001 

0.391 0.07: 

- 0.042 0.068 

- 0. 180 0. 055 

16 3 13 17 2 16 A 7 10120.731 10115.889 
35 37 T 4.863 0.090 -0.042 -0.037 -0.002 

E ' 10120.772 
A 7 10111.644 

- 4.225 0. 059 
E ' 10111. 683 
A I 10112.660 

31 33 7 - 3.207 0.076 
E ' 10112.702 
A 7 10120.456 

29 31 V 4.589 0.041 
E * 10120.500 
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J K- K+2F J' KL Ki 2F' T v e x p v - v 0 4 - e Avae <5vsim d c _ e v 0 

18 2 16 39 18 2 17 39 9832.763 4.674 0.050 tir 9828.089 
37 37 9823.377 - 4.712 0.049 
35 35 9823.482 - 4.607 0. 025 
33 33 9834.405 6.316 0.039 

19 2 17 41 19 2 18 41 11946.242 5.066 0.056 nr 11941.176 
39 39 11935.017 - 6.159 0.042 
37 37 11936.167 - 5.009 0.031 
35 35 11946.745 5.569 0.037 

19 2 17 18 3 1 6 fti 15555.090 15553.228 
41 39 J" 1.880 0.054 -0.035 -0.031 0.002 

E ' 15555. 1^6 
fi1 15551.230 

E J 15551.268 
Al 15552.147 

1 

- 1.979 0.044 

1.064 0.036 
E ' 15552.180 
fli 15555.463 } 0. 057 

15555.496 

2 18 43 20 2 19 43 14334.553 5.432 0.066 nr 14329.121 
41 41 14322.794 - 6.327 0.040 
39 39 14323.735 - 5.386 0.032 
37 37 14335.344 6.223 0.040 

19 19 3 16 fil 9397.060 
43 41 [ - 3.973 0.004 -0.044 -0.042 0.003 9401.056 

OTC E 9397.106 
9405.523 

41 39 T 4.489 0.016 
9405.566 
9405.065 

E ' 9405.107 
fi 1 9396.876 } 

I QT 

4.030 0.025 

4.157 0.031 
E ' 9396.922 

2 20 20 3 17 fil 15606.423 15610.501 
* 45 43 j - 4.056 -0.010 -0.044 -0.039 0.000 

E ' 15606.467 
] 15615.027 

' 15615.069 
} 

} 
E 1 16606.231 

43 41 T 4.547 0.029 
E 
fl 1 15614.591 

4.1 39 T 4.112 0.036 
E ' 16614.635 
fl 1 16606. 186 

- 4.293 0.045 

4 18 23 3 21 A/Ef15936.982 15935.027 
* 47 49-L 1 1.980 -0.078 

41 43/ j 1.980 -0.046 
115937.032 

AT 15932.946 
47 T - 2.057 -0.014 -0.049 -0.046 0.001 

E ' 15932.995 
AT 15933.080 

45 Y - 1.923 -0. 115 
E I 15933.128 
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J K_ K+2F J' KL K'+ IF' F vexp v-v 0 <5c_e A v^ A vsim <5c_e v0 

ii 13 

J „ 

9 23 3 20 PfJ 13476.692 13475.905 
47 49 V 0.812 -0.094 -0.045 -0.041 -0.001 

E ' 13476.741 
A 1 13475. 166 

E ' 13475.208 
« 7 13475.080 

1 13t 

L 
1 13^ 

L 
7 13* 

r,» 

0.718 -0.058 

0.803 -0.100 
E 13475.124 
A 7 13476.561 

41 43 V 0.679 -0.088 
13476.607 

10765.681 10765.553 
0.150 -0.083 -0.041 -0.037 0.000 

E ' 10765.725 
A 1 10765. 181 

51 

Y ' 10 

r 
1 1( 
} 

k : 

E ' 10765.222 
A 1 10765.464 

51 49 J - 0.069 -0.126 
E 10765.504 
A} 10765.830 

49 47 Y 0.297 -0.026 
E ' 10765.870 

26 4 22 A 1 12949.387 12951.044 
55 T - 1-634 0.010 -0.044 -0.042 0.001 

E ' 12949.433 
At 12952.750 1 12952. 

T,2352. E ' 12952.794 
AT 12952.642 

\ 

1.728 -0.021 

1.621 0.087 
12952.687 

AT 12949.316 
49 I ~ 1.707 0.065 

E ' 12949.358 

29 3 26 61 29 3 27 63 8754.246 2.485 0.045 nr 8751.761 
* 59 59 8749.010 - 2.751 0.022 

57 57 8749.299 - 2.462 0.000 
55 55 8754.509 2.748 0. 050 

30 3 27 63 30 3 28 63 10513.929 2.763 0.036 nr 10511.166 
* 61 61 10508.122 - 3.044 0.004 

59 59 10508.426 - 2.740 -0.013 
57 57 10514.215 3.049 0.037 

29 5 24 30 4 27 A/E 16364.570 
* 61 63T C16365.699 1.183 -0.073 3T r16365. 

r J 16365.750 
57' L 16365. 809 1.183 -0.091 

A T 16363.361 
63 V - 1.187 -0.121 -0.044 -0.042 -0.003 

E I 16363.404 
A i 16363.287 

59 Ip - 1.261 -0.047 
J 16363.331 E 
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J K+2F J' KL KL IF' F v - v'o dr-e <5 v. 

29 

61 

28 65 
s- 63 

61 
59 

29 67 
(• 65 

63 
61 

69 

67 

71 
75 

69 

4 26 ft/Eri! 
611 

572. 131 

K 
15572.198 
15573. 958 

29 65 
63 
61 
59 

30 67 
65 
63 
61 

31 
67 

E 

A/E 

15573.057 
- 0. 89: 
- 0. 89: 

-0. 035 
-0. 080 

15574. 005 
| 15573.883 
T 1 15573.929 

12522.757 
12516.368 
12516.686 
12523. 070 

14797.050 
14789. 722 
14790.288 
14797.276 

•) 11071. 023 

' 11071.129 
1 11069.735 

' 11069.841 

0.925 —0.089 —0.047 —0.044 0.000 

0.649 -0.057 

3.042 0.020 
- 3.347 -0.024 
- 3.029 -0.036 

3.355 0.0:13 

3.471 -0.119 
- 3.857 0.172 
- 3.291 -0.069 

3.697 -0.020 

16.350 

15 . 0 6 j 

0. 023 

- 0 . 0 0 8 

17151.677 - 0.811 0. 117 

7 
77 

51 ri7151.677 
T 417151.726 

3 ' 117151.772 
1 ("17153.2 
T \17153.3 
J U 7 1 5 3 . 3 

94 
50 

395 

0.811 0.094 
0.809 0.096 

0. 809 0. 07: 

12519.715 

14793.579 

11054.726 
- 0 . 1 0 6 0 . 0 0 0 

171! 537 

The Br-hyperfine structure was calculated for 
transitions up to J = 20 by diagonalising the Hamil-
tonian matrix [13]. This procedure was necessary 
because of the large hfs-splittings induced by the 
quadrupole coupling of the bromine nucleus. Also 
the magnitude of the off-diagonal coupling-tensor 
element could be determined by using this 
procedure. Above J = 20 first order perturbation 
theory was applied [14], because the computation 
time would have been very large. The deviations 
from the rigid rotor lines were added to the experi-
mental frequencies vexp of the hfs-components. The 
hypothetical unsplit line v0 was then calculated as a 
mean value. As consequence of the different calcu-
lation methods the accuracy is higher for v0 up to 
J = 20. In cases were the torsional splitting was 
resolved, the mean value of the A- and E-species 
components was considered as frequency of the hfs-
component. It was assumed, that nuclear quadrupole 

coupling and internal rotation do not interact. The 
fourth order Hamiltonian of van Eijck [15, 16] was 
used for the centrifugal distortion. The results are 
given in Table 3. 

The torsional fine structure zlvsjm was analysed by 
the internal axis method (IAM) by a program 
written by Woods [17, 18] and modified by others 
[19]. For the 79Br-species the Fourier coefficient 
My (5), 5 the reduced barrier, the angle < (a, i) 
between the a intertia and internal rotation axis i 
and the moment of intertia of the methyl group 7̂  
could be fitted. For the 8,Br-species had to be 
assumed. The results are given in Table 4. The 
rotational constants of Table 3 were taken for this 
calculations. 

The angles (a, /') of the 79Br- and 81Br-species 
disagree slightly out off the error limits. From struc-
ture calculations we derived a variation of < (a, i) 
from 79Br to 8,Br of +0.05° (Program DHS1C.F0R). 
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Table 3. Rotational [MHz], centrifugal distortion [kHz] and bromine-hfs [MHz] constants of ethylbromide. N\ number 
of lines, iVspl: number of splittings, a: standard deviation of the fit [kHz], iv e x p : mean experimental hfs-splittings [MHz]; 
standard errors in units of the last digit in brackets. 

CH3CH2
79Br Correlation matrix 

A 29 955.614(50) 1.000 
B 3 803.974 (6) 0.988 1.000 
C 3 522.896 (6) 0.989 0.997 1.000 
Dj 1.833(19) 0.572 0.638 0.613 1.000 
DJK - 14.08(44) 0.518 0.585 0.557 0.996 1.000 
D

k 
247.6 (26) - 0.355 - 0.426 - 0.395 - 0.950 - 0.974 1.000 

d, - 0.213 (1) - 0.524 - 0.596 - 0.558 - 0.987 - 0.987 0.950 
d2 - 0.0073(1) 0.027 0.010 0.048 - 0.211 - 0.284 0.323 
N 37 
a 79 
X+ - 417.634(77) 1.000 
X- 129.492(41) 0.097 1.000 
Xab 291.76 (88) 0.097 0.118 1.000 

N 19 
A^L 

p 

66 
13.877 

a 30 
Xaa 417.634(77) 
Xbb - 144.071(59) 
X cc - 273.563(59) 

CH3CH2
8 ' Br Correlation matrix 

A 29 947.338(44) 1.000 
B 3 781.132 (7) 0.985 1.000 
C 3 503.182 (6) 0.991 0.994 
Dj 1.816(34) 0.565 0.665 
DJK - 13.95 (77) 0.529 0.629 
DK 247.4 (45) - 0.429 - 0.533 
d\ - 0.210 (1) - 0.541 - 0.644 
d2 - 0.0071(1) 0.113 0.083 
N 31 
a 60 

X+ - 349.225(67) 1.000 
107.878(34) 0.115 1.000 

Xab 246.61 (73) 0.077 0.121 
N 18 
AW 66 
A Vexp 11.605 
o 22 
Xaa 349.225(67) 
Xbb - 120.674(51) 
Xcc - 228.552(51) 

1.000 
0.595 1.000 
0.557 0.998 1.000 
0.455 - 0.976 - 0.988 1.000 
0.568 - 0.997 - 0.996 0.979 1.000 
0.144 - 0.235 - 0.280 0.373 0.261 

1.000 

T h e values der ived f r o m split t ings of the first 
exicted state for bo th isotopes is V3 = 3684 ca l /mo l 
with an F, = 3.1819 a m u A2 der ived f r o m a rs-
s t ruc ture [12]. Th i s and our value is less than tha t 
measu red by R a m a n spectroscopy: F3 = 3.72 kca l / 
mol and F = 5.883 c m " 1 = 176.5 G H z [20], 

In Tab le 5 we c o m p a r e the internal ro ta t ion 
pa r am e te r s of e thylha logenids C H 3 C H 2 X , X = F, 
Cl, Br. The p a r a m e t e r s were d e t e r m i n e d f r o m the 
g round state, which is the least v ibra t iona l ly per-
tu rbed state. 

It should be noted, tha t the a s sumpt ion of 7a = 
3.155 a m u A 2 for CH 3 CH 2 C1 is ver i f ied by the 
results for C H 3 C H 2

7 9 B r , for which / , = 3.151 (93) 
a m u A2 was de t e rmined . T h e barrier F3 shows a rise 
by 10% f r o m C H 3 C H 2 X , X - F to Cl. T o C H 3 C H 2 B r 
the change is m u c h less. 

W e thank the m e m b e r s of our group fo r help, the 
Deu t sche Forschungsgemeinscha f t and Fonds der 
C h e m i e for funds . T h e calculations we re made at 
the c o m p u t e r center of the University of Kiel. 
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Table 4. Internal rotation parameters of ethylbromide. n-, (v): Fourier coefficient. <(aj), <( /? , / ) : angle between the 
inertia axis a resp. b and the internal rotation axis /', moment of inertia of the methyl group. N: number of lines 
(torsional splittings), o\ standard deviation of the fit, Jv A E : mean experimental torsional splitting, s: reduced barrier 
height, V3: barrier to internal rotation, F: reduced rotational constant of the internal rotation, / 0 , /.h: direction cosines of 
< ( a , /') and £ (6 , / ) ; standard errors in units of the last digit in brackets, assumed values in square brackets, derived pa-
rameters below the line. 

CH3CH2
7 9Br Correlation CH 3CH 2

8 1Br Correlation 

W, (5) - 0.4256(96) • 10~6 1.00 - 0.4347(61) • 10"6 1.00 
<(a,i) [°] 45.71 (38) - 0 . 7 0 1.00 46.50 (37) - 0.61 1.00 

[amu A2] 3.151 (93) 0.88 - 0.64 1.00 [3.151 (93)] -

N 21 16 
a [kHz] 2 2 
JvAE [kHz] 46 41 

5 95.54 (24) 95.32 (15) 
F3 [ c a l / m o l ] 3665. (117) 3647. (114) 
* ( M [°] 44.29 (38) 43.50 (36) 
K 0.6982(47) 0.6884(46) 
h 0.7158(46) 0.7254(44) 
F [GHz] 178.8 (53) 178.4 (53) 

Table 5. Comparison of. internal rotation parameters of ethylhalogenides CH 3 CH 2 X determined from splittings of 
rotational lines in the torsional ground state. Assumptions in square brackets, standard errors in brackets. * Errors 
corrected, ** error reflects only uncertainty of s. 

X: F [4] 35C1 [5] 79Br 81 Br 

5 80.47 (9) 92.16(24) 95.54 (24) 95.32(15) 
<(a,i) [°] 33.85 (42) [42.97] 45.71(38) 46.50(36) 
/ , [amu A2] 3.155(14) [3.155] 3.151(93) [3.151] 
F3 [cal/mol] 3349 (19)* 3602 (10)** 3665 (117) 3647 (114) 
F [GHz] 193.98 (90) 182.17 178.8 (53) 178.4 (53) 
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