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The microwave spectrum of butyronitrile,
CH3CHCH3CN, was already investigated by
Hirota [1]. But he could not observe the quadrupole
hyperfine structure due to the nitrogen nucleus
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because the lines were too broad. By use of Micro-
wave Fourier Transform Spectroscopy [2, 3] we
were able to investigate the nitrogen-hfs. The
spectra were taken at — 60 °C and pressures down
to 0.3 mTorr. Some lines were also measured with a
high resolution Stark spectrometer [4, 5] in order to
compare the two methods. The results are in good
agreement but it clearly appears that the Fourier
Spectroscopy is far better adapted to the measure-
ment of narrow splittings. The measured lines are
reported in Table 1 for the gauche form and in
Table 2 for the trans form. Figure 1 shows a typical
splitting. The hyperfine structure was analyzed by
first order perturbation theory using the observed
rotational constants of Hirota [1] Table II. It was
checked that this approximation is sufficient. The
results are given in Table 3. The fitting parameters
were y* and y~. Within the measuring range there
was no line sensitive to yap. For the gauche form,
a mean splitting Ay =390 kHz was fitted with a

Table 1. Rotational

J'k'ky—J' kR k. F—F VYobs Vunsplit AVHFS obs AVHFS obs—cale transitions of gauche
(MHz) (MHz) (kHz) (kHz) butyronitrile.
212 — 111 3—-2 11 384.169
2 _1 11 383.627 11 384.045 542 —1
202 — 101 3—2 11 912.707
2_1 19 912.623 11 912.654 84 21
211 — 110 3—2 12 508.451
577 15007608 12508374 493 -
313 — 212 4—3 17 055.664
35  170s5de 17085500 198 27
303 — 2022 4—3
3—2 17 785.939
8=l 17785949 583 —3
3—3 17 785.356
322 — 2n® o f} 17 919.837
3_9 17 919.629 625 —2
- 2} 17919.212
413 — 404 4—4 10 287.013 555 _5
5—5 10 286.458 10 286.601 158 1;
3—3 10 286.300
514 — 505 5—5 12 168.291 576 -
6 —6 12 167.715 12 167.870 133 _IZ
4 —4 12 167.582
615—606 6—6 14 609.842 608 2
7—1 14 609.234 14 609.400 126 —23
5—5 14 609.108

a Stark measurement.
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” . Table 2. Rotational
J'E 'Ry —JE-E., F' —F Vobs PVunsplit AVHFS obs AVHFS obs—cale transeitions %f?’tlr(::g
(MHz) (MHz) (kHz) (kHz) butyronitrile.
212 — 111 3—2 8727.287
°_1 8726.213 8 727.068 1074 8
202 — lo1 3—2 8841.829
°_ 1 8 841.741 8 841.749 88 14
211 — 110 3—2 8 957.630
°_1 8 956.591 8957.437 1039 — 11
313 — 212 5T :;’} 13090.425
3_o 13090.073 13090.312 352 53
313 — 212° 2—~2 1300184 ygnuem1p 1025 12
. 513} 13 090.399
312 — 211 5 i’} 13 435.954
13 435.846 337 32
3—2 13435.617
312 — 2u® 2—2 13436570 43435801 673 — 9
4—3
2__1} 13 435.897
474 — 3132 3—3 17 454.461
5—4 17 453.162 1293 — 23
4—3 17 453.168
i a Stark measurement.
10286.458 .
F-5-5 Table 3. Nitrogen quadrupole coupling constants of buty-
ronitrile (MHz). The errors are standard errors.
Trans form Gauche form
10287.013
10286.300 F:4-4 2= xov + Kee 3.405 (45) 1.672 (22)
ot A= Lob — Xee —0.723 (77)  — 2.197 (35)
i correlation coefficient
(o 77) 0.282 0.120
derived constants
Yaa — 3405 (45)  — 1.672 (22)
zbb 1.341 (50)  — 0.263 (22)
Xee 2.064 (39) 1.935 (20)

Fig. 1. Nitrogen-hfs of the transition 4;3 — 404 of gauche
butyronitrile measured with MWEFT spectroscopy. The
power spectrum is drawn. Transient emissions recorded in
steps of 20ns for 1024 points. Measuring time approx
5 minutes for a 25 MHz range. Spectral points at 25 kHz
distance. Frequency calculated by three points interpola-
tion Lorentz profile assumed. Pressure 0.35 mT, temper-
ature — 60 °C.
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mean square deviation ¢=15kHz, the corre-
sponding values for trans form are: Ay =735 kHz
and o =29 kHz.

We thank Dipl.-Phys. G. Bestmann and Dipl.-
Chem. E. Fliege for assistance, the Deutscher
Akademischer Austauschdienst for a grant (Jean
Demaison) and the Deutsche Forschungsgemein-
schaft and Fonds der Chemie for funds.

[4] H. D. Rudolph, Z. Angew. Physik 13, 401 (1961).
[5] U. Andresen and H. Dreizler, Z. Angew. Physik 30, 204
(1970).

Nachdruck — auch auszugsweise — nur mit schriftlicher Genehmigung des Verlages gestattet
Verantwortlich fiir den Inhalt: A. KLEMM
Satz und Druck: Konrad Triltsch, Wiirzburg



