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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, CH;CH,Br, 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
(MWEFT) 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
MWEFT-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 | and 2
for the isotopic species "Br and ®Br. In Fig. | we
give an example of the measurements. The torsional
splittings AV, were refined by a line shape analysis
[10]. They are given under 47;,. The assignment is
based on earlier work [11, 12] in which lines up to
J =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
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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.
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Fig. I. A rotational transition with Br-hfs and internal
rotation splitting of CH;CH,Br, JK_K,—J K. K=
15313—-162 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 CH3;CH,"°Br. I': symmetry species, Vexp: €xperimental frequency, ¥: arithmetic mean of
the frequencies belonging to the same hfs transition and split by internal rotation, v,: line center (see text), v — ¥y:
measured hfs shift, 4V,g: experimental torsional splitting (arithmetic mean of all hfs components), 47;,: corrected
torsional splitting, nr: not resolved, S: measured by using Stark spectroscopy, *: not used -for quadrupole hfs analysis,
d.-. difference between calculated and experimental results; frequencies, splittings and deviations in MHz.

J K_ Ki2F J' KLK{2F' I vy V=7 Oce AVAE AVgm Oe= Vo
Z2 1 1 7 1 I 14911. 463 -23.347 -0,011 nre 14334.810
= 3 15015, 841 81. 031 -0.006
> 1 14868. 034 —66£.776 0.014
2 1 =2 7 1 by 1 8 14346.231 ~2b.437 0.003 nr 14372. 668
5 > 14450, 887 78. 219 =0.001
5 0 & 13 4 1 4 1} 11671.268 ~ Z.348 =0.025 nr 11673.617
13 9 11672. 122 = 1,495 <0.023
8 1 7 19 a8 1 819 10124.. 943 1 3. 582 =0, 020 ne 10111.411
17 17 10092.658 ~-18.783 —0.006
15 1 10098.318 -~-13.033 —-0.008
13 13 10130. 806 19. 395 -0.087
7 2 6 8 1 7 n} 15283.814 15281.992
17 19 1.836 0.110 =0.028 -0,023 0.000
EZ 15Z83.842
A1 15281.547
15 17 } = 0,431 ©.103
E’ 18281.574
Aq 15273.363
13 15 } - 2,016 0.093
E’ 15279.988
Aq 15z82.188
hht 13 } D211 ©.103
EJ 185Z282.217
9 1 8 21 3 1 9 32 12648, 442 13. 782 =0.Q24 nr 12634. 660
15 139 12616.016 =-18.644 -0, 003
17 17 12621. 234 ~13.426 ~0,020
k) 15 12653. 451 18. 731 -0.074
9 1 8 21 9 0 3 &1 33185. 268 9. 851 0. 044 nr Sol75. 747
g 139 ] 33162.5926 =13.191 ~0.033
L7 17 3T166.348 - 3.3E3 -0.020
18 15 33188.478 12.761 =0.074
¢ £ 1023 10 1 9 23 15448, 806 13.942 -0.032 wE 15434, 864
21 2% 15418.551 -16.313 ~0.061
19 19 15421.220 =13.644 -0.032
17 17 15456, 235 21.375 -0, 1314
13 1 10 10 2 9 AY) 10740.542 10738, 501
25 23 } 2. 001 =0.086 =0.020 -0,018 «0.002
E’ 10740.563
Ay 10734.6%0
23 21 } - 3.802 -0.064
EY 10734.709
Ay 10735.372
21 19 } - 2,817 -0.,081
E“ 10735.991
AY 10743.114
13 17 } 4.625 -0,067
E? 10743, 136
18 1 15 14 2 12 A 3534, 388 3608. 786
33 31 } -13.776 0.037 =-0.044 -0.040 0,004
E 9533. 038
A 95232.820
27 25 } -15. 947 ~0.08%
E

953Z. 858
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Table 1 (continued)

J K_ K,2F J K. K.2F T Vexp V=1 Ok—e AVAE AV e Vo
15 3 12 16 2 1S5 RY 16166.477 16161. 145
33 35 } 5.353 0.105 =0.044 -0,038 0.002
E’ 16166.5193
Ay 16155.736
31 33 } = 9.385 0.103
E’ 16155.783
AY 16156.415
3 31 } - 4,709 0,093
E" 16156.456
A) 16166.768
27 29 } S.646 0.083
E’ 16166.813
18 3 13 16 2 14 A 59432.533 [432. 274
33 35 } 0.286 0.081 =-0.040 —0,036 0.001
E 3432, 580
A 3432, 825
31 33 } 0.570 0,092
E 9432, 863
A 9432, 288
29 bt ¢ } 0.034 0.084
E 9432. 32
A 83432, 041
27 29 } - Qe Z13 0.072
E 3432, 080
17 2 15 37 17 2 16 37 8157. 436 5.179 0.026 nr 8152.317
33 35 8147,1892 - 5.128 0.007
31 34 8156. 865 4.548 0,027
16 3 13 17 2 16 A 9391.652 9384.773
39 37 } 6.901 0.121 -0.043 -0.039 -0.001
E 3331. 633
A 9373. 741
33 35 } - 5.032 0.063
E 9373.779
A 3381.84Z2
31 33 } - 2.906 0.034
E 3381.8873
o] 3330. 333
28 31 } 5.588 0.043
E 3330, 383
18 2 16 33 18 2 17 33 10044. 137 S5.663 0.038 nr 10038. 474
37 37 10033.153 - 5.321 0.020
35 35 10032.83%8 - S.376 0.014
33 33 10046. 488 8.014 0,010
19 2 17 41 13 2 18 41 121393. 278 6.141 0.04Z nr 12193:.137
33 33 12185.727 - 7.410 0.031
37 37 12187.085 - 6.052 0.016
35 35 12193, 308 6.771 0.039
19 Z 17 18 3 16 Ay 16603.5%4 16607. 320
41 33 } 2,292 0.034 -0.035 -0.031 0.001
E’ 16603.630
Ay 16604.9193
33 37 } - 2.383 0.024
E’ 16604.954
Ry 16605.976
37 a5 } - 1.327 0.013
E® 16606.003
Ay 16610, 083
38 33 } Z.781 0.044

16610.118
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J K. K.2F J KLKL2F' I v V=7 Ok AVAg AV Oc—e Yo
20 2 18 43 20 2 19 43 14633, 409 6.8975% 0.050 nr 14626. 834
41 41 14619.173 7: 655 0.025
33 39 14620. 316 6: 518 0,019
b 4 37 14634. 350 7.316 0.028
20 2 19 19 3 16 Ay 10198.578 10203, 391
41 33 } 4.792 0.016 ~0.041 -0.036 —0.003
E” 10198.619
Ay 10208.814
39 37 } S.443 0.02%
E 7 10208. 853
Ay 10208. 241
37 35 } 4.870 Q0.035
E® 10208, 280
Ay 10138. 384
33 35 } 4.98% 0,036
EJ 10198.427
21 Z 1B 45 20 3 18 43 34885. 867 2.986 0.012 nr 34882.911
S = 43 41 34873, 449 I. 462 0,080
41 o 34880. 198 Z. 713 0,073
-3 37 24886. 687 S. 776 0,103
21 2 20 20 3 17 R 16424.233 164293, 220
* 45 43 } 4.8%8 0,000 -0,.045 -0.040 0,001
16424. 345
16434.712
43 41 } S.814 0.046
16434.7355
16434. 165
41 33 } 4.367 0.055
16434, 209
16424. 040
39 37 } 5.157 0,055
EJ 16424.087
22 4 18 23 3 21 A/E 14862, 204
* a7 493 14864. 538 2. 37F =0u 121
} {laBSA.JB
41 43 14864. 62 2.379 -0.082
Ay 148%53. 701
45 47 } 2.478 -0.029 -0.051 -0,047 0.002
14859. 752
14853. 880
43 45 } 2299 ~0. 1638
E? 14859.931
22 4 1% 23 3 20 Al 12313.438 12518.8519
* 47 49 } 343 -0,130 =0.0%} 0. 044 O, 001
12319. 489
12317.664
45 a7 } 0.832 —0.080
Y2517, 741
12317.567
43 45 } Q. 329 o e
12351 7 613
12313.278
41 43 } 0. 788 =0 128
E’ 123198.328
26 22351 23 3 20 439 Ba317.343 5. 636 0.0238 nr BT e e
S % 43 47 33929. 078 6. 033 -0.164
47 45 33928. 385 L4086 0,070
45 43 3331 7. 083 5. 886 -0.181
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Table 1 (continued)
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J K_ K.,2F J K. K.2F T’ Vexp V=7 Osg AVAE AV Os—e Vo
26 3 Z3 25 4 22 A7 12113.456 L2119, 2706
* S5 53 } 0,209 -0.129 -0.044 -0.040 0.00%
E” 12119.502
AY 12118.73¢6
a3 51 } 0.453 -0.110
E 12118.839
AY 12119.116
ai 493 } 0. 132 =0. 183
E 12119. 161
A 12119.660
47 49 } Q.410 -0.082
E 12115, 700
27 D 28 26 4 22 AN 14168.733 14170.720
* S7 <] } 1.965 -0.031 -0.046 —-0.042 0,000
E" 14168.777
A 14172.796
8o 3 } Z. 100 -0.055
E " 14172.843
A) 14172.641
53 51 } 1.946 0,073
E* 14172.690
Ay 14168. 62
i 49 } 2,069 0.0453
E ‘ 14168.673
30 3 27 63 30 3 28 63 10848.773 3e 72 0.051 nr 10845. 401
61 61 10841.681 S« 720 0,041
59 59 10842, 052 e 349 -0,009
a7 =7 10849, 120 S« 719 0.055
29 S 24 S0 & 27 A9 14835.436 14933. 982
61 63 } 1.478 -0.141 -0.046 —0.042 —0.002
E* 14935.483
A9 14932.570
53 61 } 1.390 -0.140
E* 14932.615
A) 14932.465
o7 o553 } 1.4%0 -0.054
E* 14932.81%
A4 149335, 350
59 i 4 } 1.3391 -0.070
EY 14932.396
29 5 25 30 4 6 Ay 14106.708 14105, 633
61 63 } 1,030 —0.111 -0.044 —0.043 -0.002
E° 14106.750
A1 14104.581
9 61 } 1,037 -0.060
E® 14104.624
A9 14104.548
a7 i | } 1.068 -0.083
E 14104.594
Ay 14106.617
ot =7 } 1.001 -0.076
EY 14106, 662
31 3 28658 31 3 29 65 12818.783" 3.718 0. 041 i 12912.038
* &3 63 12307.354 4,084 -0.013
61 61 12908, 341 3. 8697 —0.025
=3 59 12916. 128 4.030 0,040
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J K_ K., 2F J K.LK.2F I Vexp V=T O35 AVAE AV Oe=p Vo
32 32967 32 3 30 67 15253. 323 4.064 0.023 nr 15243, 8593
* 65 &5 1524%5.401 - 4.458 -0.038
63 &3 15245.81% - 4.044 -0.055
61 61 15254.322 4,463 0.021
a3 1 32 3 2 29 Ay 17031.33Z2 17109, 406
* 67 65 } -18. 025 -0.149 -0.103 -0.083 -0, 005
E? 170391.431
Ay 17123.023
65 63 } 13. 663 -0. 005
E? $7129.126
AY 17127.40Z
63 61 } 18.081 -0.004
ET 17127.512
A 17083.570
61 59 } -139.786 -0.005
EZ 17083.671
33 133 32 2 30 Ay 13356.738 13937. 171
* 67 65 } 19.681 0.021 -0.109 —0.033 0.000
E® 13386. 306
A1 13955. 228
€S &3 } 18.112 0.018
E¥ 13955. 337
33 4029 3z 5 Z8 A 9587.552 IT58. 086
* 63 &7 } - 0.512 -0.113 =0.045 -0.042 0,003
E 9387 G37
A 3358. 471
&7 &5 } 0. 407 -0,158
E 9358. 515
jal 9358, 570
65 &3 } 0. 506 -0, 164
E 358.613
] 9357.670
&3 61 & - 0y w32 —~0, 140
E 9357. 718
34 1 34 33 2 31 A4 10421.173 10433, 278
* 74 &3 } -18.040 -0,096 -0,111 -0.107 0.004
E710421.29
A1 10458.818
69 &7 } 13.532 0.066
E " 10458,9322
Ry 10457. 304
67 65 } 18.073 0. 051
E? 10457.403
Aq 10413.4933
65 63 } -19.721 0.058
E 7 10413.616
34 4 3t 35 S Z8 A9 15141.516 15142.636
* 74 (%] } - 0.8z26 0.176 -0.04Z2 -0.038 -0.001
E‘ 15141.558
A1 15143.641
63 67 } 1.299 0.139
E ‘% 15143.682
A9y 15143.708
67 65 } 1.366 0.105
E’ 15143.7493
A1 15141.637
65 63 } - 0.704 0,088

15141.682
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J K. Ky 2F J KLKL2F I v V=1 Oi—s AVAE AVm O 7
36 6 31 37 S 3z A7 15364. 484 15365, 505
75 77 } 1.002  0.061 -0.043 -0.040 0.001
E ! 15364.529
AY 15362.558
73 = } - 0,925 0.093
E % 158362. 602
Ay 15362. 4933
71 73 } - 0,992 0.132
E 7’ 15362. 534
A) 15364. 401
69 731 } 0.318 0.117
E

15364. 444

Table 2. Measured transitions of CH;CH,%'Br. I': symmetry species, Vexp: €Xperimental frequency, v: arithmetic mean of
the frequencies belonging to the same hfs transition and split by internal rotation, ¥,: line center (see text), v — ¥:
measured hfs shift, 4V,g: experimental torsional splitting (arithmetic mean of all hfs components), 47¥,: corrected
torsional splitting, nr: not resolved, S: measured by using Stark spectroscopy, *: not used for quadrupole hfs analysis,
d.-.: differences between calculated and experimental results; frequencies, splittings and deviations in MHz.

J K_ K. 2F J K/ K/.2F I Vexp V=1 Oc—e AVAE A Vs Oc—e Yo
zZ 1 1 7 1 1 & 8 14826.952 «~19.621 —0.00% nr 14846.573
b 3 14914. 230 67.657 0.007
2 1 2 7 t 4 1 8 14268.511 -22.153 0,032 nr 14230, 664
=} 3 14356. 013 65.349 0.005
5 0 9 13 4 1 4 11 11431.878 - 1.3872 -0.028 ny 11433. 850
b ¥ 3 11432.568 - 1.282 0.001
9 5 11438. 267 4. 417 ~0.023
7 B 11438.117 4. 267  0.006
8 1 7 18 8 1 8 13 10010.312 11.289 -0.003 nr 9939, 023
17 17 9983. 404 -15.613 0.016
15 15 9988. 143 -10.880 0,001
13 i3 10015. 175 16.152 -0.036
7 Z 6 a8 1t 7 Ay 15717. 440 15715.928
i7 13 } 1827 0,107 ~-0.026 ~0,024 ~0.001 15715.325
E? 15717. 463
A4 15715. 505
15 17 } - 0.408 0,088
E4 15735529
Aq 15714.184
13 15 } - 1.728 0,085
EY 18714.211
A, 15716.083
: B 13 } 0178 0.035
E? 15716: 113
2 1 8 Z1 9 1 9 21 12505, 825 11.487 -0.003 nr 12494, 358
19 19 12478.838 -15.500 0,007
17 17 12483. 165 =11.173 =0.005
5 15 12510. 047 15.709 —0.045
3 1 8 21 g 44 9 21 33113.8%30 7«959 ~0.057 nr 33105, 831
= i3 i3 33094.371 -10.920 -0.050
17 17 33098, 131 = 7.760 -0.059
b <) 15 33116.580 10.683 ~0.076
1o 1 928 e 1 10 23 15275 511 11.615% -0.013 nr 15263. 536
21 i S280. 616 -1Z.380 0,003
13 13 15252. 258 =11.338 -0.012
17 17 15282.511 18.915 =0.061
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J K. K.2F J K. K.2F

r Vexp L (1} 6c-e AVAE AVsim éc—e Vo
i1 1 10 M 2 9 A7 10135.758 10134, 021
23 23 } 1.748 =0.053 =0.021 =0.018 =0.00i1
E’ 1013%5.779
A4 10130, 822
23 21 } - 3.190 -0.041
E 10130. 841
Q} 10131. 3753
21 19 - 2. 030 —-0,045
E* 10132. 003
A 10137.824
19 17 } Z.813 -0.049
E/ 10137.844
is 1 45 a4 2 1% S [206. 340 8¥17.818
35S 31 } -11.459 0.001 -0.041 —-0.037 0O.001
E 206. 380
A G231 263
31 29 } 13.465 0.010
E B231« 305
A 3223, 267
23 2 } 11.468 0.027
E 9229. 307
A 9204, 5O7
27 25 } -13.291 0.058
E 3204.549
15 3 iz 1€ 2 15 F3}16566.920 t6BEZ. 540
33 35 4,401 0,101 =-0.04Z2 =-0D.038 —0.001
E ' 16866. 361
Aq 16858.018
31 I3 } = L/'SO0 0. 097
E 7 16858. 061
A9 16858. 541
23 31 } - 3,978 0.091
E J 168E58. 582
A9 16867. 197
2 =9 } 4.673 0.073
E ] 16867. 241
8 38 13 16 2 14 i§}10280.950 10280, 736
33 39 0.247 0.060 —-0,043 =-0.033 0,005
E® 10281.003
A7 10281.107
31 33 } 0,391 0,073
E’ 10281. 150
A7 10280.678
29 31 } - 0.042 0,068
E 10z280.718
A9 10280.532
27 29 } = 0,180 0.035
E’ 10280.576
16 3 13 17 2 16 A9 10120.731 10115. 889
35 37 } 4.863 0.030 =0.042 -0.037 -0.002
E" 10120.772
A 10111, 644
28 38 } - 4,225 0.059
E® 10111.683
A7 10112, 660
31 B3 } - 3.207 0.076
E’ 10112.702
A7 10120.456 .
29 31 y 4,583 0,041
E < 10120, 500
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Table 2 (continued)

J Ko Ky2F. J KL K\2F T vy 7= P ATpp O Sece o

18 216 33 18 2 17 39 9832.763  4.674 0.050 e 98z8. 083
5 37 9823.377 - 4.71Z 0.043
2= =5 9823.482 - 4.607 0.02Z5
33 33 9834.405  €.316 0,039

19 2 17 41 19 2 18 41 11946.242  S.066 0.056 nr 11941. 176
33 33 11935.017 - €.153 0.04Z
37 37 11336.167 - 5.003 0.031
35 35 11946.745  S.563 0.037

19 2 17 18 3 16 A7 15555. 030 15555, 228
41 9 1.880 0.054 -0,035 -0.031 0.00Z

oDm

%]
(1]
2]
\‘
Dm
-
[N
&
A
—-
P
o
o]
|

1.373 0.044

td
b
d
w

- 1.064 0,038

E4 15552.180
Aq 15555, 463
3 33 2.252 0.057
E ) 15555.436
20 2 18 43 20 2 19 43 14334. 553 S5.432 0.066 nr 14329, 121
41 41 14322.7%4 - 6.327 0.040
33 33 14323.735 - 5.386 0.032
27 37 14335, 344 6.223  0.040
20 2 13 13 3 16 A 3397. 060
43 41 - 3.973 0,004 ~0,.044 -0.042 0.003 9401.056

3337. 106
8405, 523

Dm

]
~d
2]
w
m
—_— — — — —_— —C e —
|

4,483 0.016
5403. 566
3403, 065

Dm

4,030 0,025
34035, 107
9336. 876

Dm

4,157  0.031
9396. 922

21 2 20 20 3 17 AN 1S606. 423 15610.501
* 45 43 = 4+0868 ~0.010 =0,044 -0.033 0.000
E " 1S606. 467
A) 15615, 027
a3 41 4,547 0.029
EZ 15615. 063
A9 15614.591
41 S5 4.112 0,036
E’ 16614. 635
A9 16606, 186
39 37 = 4283 ©.045
EJ 16606.231
22 4 18 23 3 21 A/E 15336, 982 15938, 027
* 47 43 1.980 -0.078
41 43 1.9890 -0. 046

15937. 032
} 15932. 946
45 47 - Z.057 -0.014 -0.049 -0,046 0,001
15932.935
15933. 080
y = 1.923 =0, 115
15933, 128
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~

K_ K. 2F J K. K.2F I Vexp V=1 Oc—i AVAE A Vm Oc_e ¥
22 & 13 237 3 20 A9 13476.632 13475. 305
* 457 4 493 } 0.812 =0.034 0,045 -0.041 -0.001
E? 13476.741
A9 13475. 166
45 a7 } - 0.718 -0.058
E’ 13475.208
A } 13475, 080
43 45 - 0,803 -0,100
E " 13475.124
Rq 13476.561
41 43 } Q. 8673 —0.088
£ 13476.607
26 3 23 25 4 22 A1 10765.681 10765, 5532
* o5 53 } 0,180 —-0,083 -0.041 -0,037 0.000
E ' 10765.725
A9 10765, 181
o3 51 } - 0,352 -0.046
E ' 10765, 222
A9 10765. 464
51 43 } - 0,089 -0.126
E  10765.504
Ay 1076%5.830
43 47 } 0. 2897 0,026
E! 10765.870
27 3 25 26 4 22 A9 12349, 387 12951, 044
* =7 oo } - 1.634 0.010 -0,044 -0.042 0.001
E* 12943.433
A9 12952.730
=25 53 } 1.728 -0.021
E’ 12952.734
A7 12952.642
a2 a51 } 1.621 Q. 087
E’ 12352.687
A9 12943.316
g1 493 } - 1.707 0,065
E? 12949.358
29 3 26 61 23 F 27 B3 8754. 246 Z.485  0.045 e 8751.761
* =) =54 8749.010 = 2,781 Q.022
57 =7 87493, 233 - Z.462 0.000
55 S5 8754, 509 2,748 0.050
30 3 27 63 30 3 2B 63 10513.329 2. 763 0.036 ne 10511, 166
* 61 61 10508, 122 - 3.044 0,004
29 59 108508, 426 -~ 2.740 -0Q.013
= 87 10514, 215 3.049 (Q.037
29 5 24 30 4 27 A/E 16364. 570
* &1 63 16365. 633 1.183 -0.078
} {16365.750
ha't 7 16365, 803 1.183 —-0.091
A4 16363, 361
58 63 } - 1.187 =0.121 =0.044 -0.042 -0.003
E /| 16363. 404
A4 16363, 287
St 59 } - 1,261 -0.047
E 7 16363. 331
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Table 2 (continued)
J K_ K+ 2F J? K’ K,;, 2F' I \'exp V— _'0 éc_e a4 FAE (SFS,m ()c_e ;0
29 O E5 30 4 26 A/E, 15572, 131 1E573. 057
* 59 611, { - 0.893 -0.035
S 59 = 0,833 -0.080
18572 198
A 15573, 358
61 63 ‘r 0.325 -0.089 -0.047 -0.044 0.000
E° 15574.005
A9 15573.883
] 57 } 0. 843 0,057
E* 156873.3929
31 S 28 68 31 3 29 65 12822. 757 3.04Z Q.,020 nr 125138, 715
* (=1 62 12816.368 - 3.347 —0.024
&1 &1 12516.686 - 3,029 -C, 0636
59 59 12523070 S oo O, 013
32 329 67 32 3 30 67 147937. 050 Se473 -0.119 nr 147393. 573
* &5 &S 14788.722 — 3.857 0,172
63 63 14730. 288 - 3.231 ~0.089
61 61 147937. 276 3. 637 —0.020
34 1 34 35 2 31 AY 11071, 023 11054, 726
* 63 67 } 16. 300 -0, 023 -0, 106 0,000
E 711071.129
A9 11063.735
&7 65 } 15. 062 —0.008
E 11065. 841
36 6 31 37 9 32 A/E 17152 8937
* 73 78 17151.677 = @G.811% O.117
} {17151.726
74 frox) I7154. 772 = G811 Q. 034
75 77 17153, 234 ). 803 0,036
} {17153.350
(=Xc] 71 17152, 395 . 803 0,073

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 |y,,| 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 ve,, of the hfs-components. The
hypothetical unsplit line ¥, was then calculated as a
mean value. As consequence of the different calcu-
lation methods the accuracy is higher for ¥, 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 47, was analysed by
the internal axis method (IAM) by a program
written by Woods [17, 18] and modified by others
[19]. For the Br-species the Fourier coefficient
wi(s), s 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 I,
could be fitted. For the ¥ Br-species I, had to be
assumed. The results are given in Table4. The
rotational constants of Table 3 were taken for this
calculations.

The angles % (a, i) of the Br- and ®Br-species
disagree slightly out off the error limits. From struc-
ture calculations we derived a variation of X (a, i)
from "°Br to 8'Br of +0.05° (Program DHS1C.FOR).
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Table 3. Rotational [MHz], centrifugal distortion [kHz] and bromine-hfs [MHz] constants of ethylbromide. N: number
of lines, Ny, number of splittings, o: standard deviation of the fit [kHz], 4vey,: mean experimental hfs-splittings [MHz];

standard errors in units of the last digit in brackets.

CH;CH,"Br Correlation matrix

A 29 955.614(50) 1.000

B 3803.974 (6) 0.988 1.000

C 3522.896 (6) 0.989 0.997 1.000

D, 1.833(19) 0.572 0.638 0.613 1.000

D;x — 14.08(44) 0.518 0.585 0.557 0.996 1.000

Dy 2476 (26) ~0355 —0426 —0395 —0950 —0974  1.000
d =0.213 (1) - 0.524 —0.596 — 0.558 - 0.987 —0.987 0.950 1.000
dy —0.0073(1) 0.027 0.010 0.048 —0.211 —0.284 0.323 0.171 1.000
N 37

o 79

o — 417.634(77) 1.000

x- 129.492(41) 0.097 1.000

- 291.76 (88) 0.097 0.118 1.000

N 19

Ny, 66

i 13.877

g 30

W 417.634(77)

Abb — 144.071(59)

o — 273.563(59)

CH;CH,*'Br Correlation matrix

A 29 947.338(44) 1.000

B 3781.132 (7) 0.985 1.000

G 3503.182 (6) 0.991 0.994 1.000

D, 1.816(34) 0.565 0.665 0.595 1.000

D,k - 13.95 (77) 0.529 0.629 0.557 0.998 1.000

Dy 247.4 (45) —0.429 —0.533 —0.455 - 0.976 — 0.988 1.000
d, —-0.210 (1) —0.541 — 0.644 — 0.568 - 0.997 — 0.996 0.979 1.000
d, —0.0071(1) 0.113 0.083 0.144 - 0.235 —0.280 0.373 0.261 1.000
N 31

o 60

X — 349.225(67) 1.000

A= 107.878(34) 0.115 1.000

Yob 246.61 (13) 0.077 0.121 1.000

N 18

N, 66

A 11.605

a 22

Faa 349.225(67)

Abb —120.674(51)

Yoo — 228.552(51)

The values derived from splittings of the first
exicted state for both isotopes is V3 = 3684 cal/mol
with an 7,=3.1819 amu A? derived from a rs-
structure [12]. This and our value is less than that
measured by Raman spectroscopy: V3= 3.72 kcal/
mol and F=5.883 cm™! = 176.5 GHz [20].

In Table5 we compare the internal rotation
parameters of ethylhalogenids CH;CH,X, X =F,
Cl, Br. The parameters were determined from the
ground state, which is the least vibrationally per-
turbed state.

It should be noted, that the assumption of I, =
3.155amu A2 for CH3;CH,Cl is verified by the
results for CH;CH,”Br, for which 7, = 3.151(93)
amu A? was determined. The barrier V; shows a rise
by 10% from CH3CH,X, X =F to Cl. To CH;CH,Br
the change is much less.

We thank the members of our group for help, the
Deutsche Forschungsgemeinschaft and Fonds: der
Chemie for funds. The calculations were made at
the computer center of the University of Kiel.
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Table 4. Internal rotation parameters of ethylbromide. w,(v): Fourier coefficient, < (a,i), < (b,i): angle between the

inertia axis a resp. b and the internal rotation axis i,

I,: moment of inertia of the methyl group, N: number of lines

(torsional splittings), o: standard deviation of the fit, Av,g: mean experimental torsional splitting, s: reduced barrier
height, V3: barrier to internal rotation, F: reduced rotational constant of the internal rotation, 4,, 4,: direction cosines of
% (a, i) and ¥ (b,i); standard errors in units of the last digit in brackets, assumed values in square brackets, derived pa-

rameters below the line.

CH;CH,"Br Correlation CH;CH,* Br Correlation
wy (s) — 0.4256(96) - 10°° 1.00 —0.4347(61) - 1076 1.00
(@ i) [°] 4571 (38) ~070  1.00 46.50 (37) ~0.61 1.00
I, [amuA2] 3.151 (93) 0.88 —0.64 1.00 [3.151 (93)] - -
N 21 16
o [kHz] 2 2
Tvae [kHz 46 41
s 95.54 (24) 9532 (15)
V; [cal/mol] 3665.  (117) 3647.  (114)
x(b,i) [°] 4429 (38) 4350 (36)
i 0.6982(47) 0.6884(46)
i 0.7158(46) 0.7254(44)
F [GHz] 1788  (53) 1784 (53)

Table 5. Comparison of. internal rotation parameters of ethylhalogenides CH;CH,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] 3Cl [5] Br $1Br
s 80.47 (9) 92.16(24) 95.54 (24) 95.32(15)
X(a i) [°] 33.85 (42) [42.97] 45.71(38) 46.50(36)
I, [amuA?] 3.155(14) [3.155] 3.151(93) [3.151]
V3 [cal/mol] 3349 (19)* 3602 (10)** 3665  (117) 3647 (114)
F [GHz] 193.98 (90) 182.17 178.8 (53) 178.4 (53)

[1] D.R. Lide, J. Chem. Phys. 30, 37 (1959).

[2] G. Bestmann, H. Dreizler, H. Méder, and U. Andre-
sen, Z. Naturforsch. 35a, 392 (1980).

[3] G. Bestmann and H. Dreizler, Z. Naturforsch. 37 a, 58
(1982).

[4] E. Fliege, H. Dreizler, J. Demaison, D. Boucher, J.
Burie, and A. Dubrulle, J. Chem. Phys. 78, 3541
(1983).

[5] W. Stahl, H. Dreizler, and M. Hayashi, Z. Natur-
forsch. 38a, 1010 (1983).

[6] E. I;liege and H. Dreizler, Z. Naturforsch. 38a, 1231
(1983).

[7] ?fglgjzltiege and H. Dreizler, Z. Naturforsch. 39a, 637

D

[8] H. D. Rudolph, Z. Angew. Phys. 13,401 (1961).

[9] U.9 .7/331dresen and H. Dreizler, Z. Angew. Phys. 30, 207
(1970).

[10] E.9§‘l‘iege and H. Dreizler, Z. Naturforsch. 39a, 630
(1984).

[11] R. S. Wagner, N. Solimene, and B. P. Dailey, J.
Chem. Phys. 26, 1593 (1957).

[12] C. Flanagan and L. Pierce, J. Chem. Phys. 38, 2963
(1963).

[13] D. Hibner and M. Stolze, Programs NQ20A and
NQ20S, diplom theses, Kiel 1980.

[14] C. H. Townes and A. L. Schawlow, Microwave spec-
troscopy, McGraw Hill, 1955, Chapter 6, Program
HTINQ, author G. E. Herberich.

[15] B.P. van Eijck, J. Mol. Spectr. 53,246 (1974).

[16] V. Typke, J. Mol. Spectr. 63, 170 (1976), Programs
ZFAP4, MWDOP4, VT3INQ by V. Typke.

[17] R. C. Woods, J. Mol. Spectr. 21,4 (1966).

[18] R. C. Woods, J. Mol. Spectr. 22,49 (1967).

[19] Modified by E. Fliege and G. Bestmann, Kiel, Pro-
lg:r(e;rlr{ls IAMCAL.FOR, IAMFIT.FOR, IAMMOD.-

[20] J. R. Durig, W. E. Bucy, L. A. Carreira, and C. J.
Warrey, J. Chem. Phys. 60, 1754 (1974).



