Nitrogen Quadrupole Coupling in the Microwave Spectra
of Phenyl Isocyanate and Phenyl Isothiocyanate
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The microwave spectra of phenyl isocyanate, CsHsNCO, and phenyl isothiocyanate, CsHsNCS,
have been measured by microwave Fourier transform spectroscopy between 4.7 and 8.0 GHz and
analysed for nuclear quadrupole hyperfine splitting due to N.

1. Introduction

Some years ago the microwave spectra of phenyl
isocyanate, C4HsNCO, and phenyl isothiocyanate,
C¢HsNCS, were measured and assigned by Bouchy
and Roussy [1] and Onda et al. [2], respectively.

They determined the rotational constants, proved
that these molecules are planar and that the NCO
and NCS group, respectively, is tilted with respect
to the C, phenyl axis. Furthermore for phenyl iso-
cyanate a partial centrifugal distortion analysis was
given and the dipole moment was determined [1].
So far the nuclear quadrupole hyperfine structure
(hfs) due to N for these molecules was not re-
ported.

We investigated the rotational spectra in the
region 4.7 to 8.0 GHz with the high resolution of
microwave Fourier transform (MWFT) spectroscopy
to resolve the nitrogen hfs.

2. Experimental

Phenyl isocyanate and isothiocyanate were pur-
chased from Merck-Schuchardt, Hohenbronn bei
Miinchen, and used after vacuum destillation.

The spectra were recorded in the range 4.7 to
8.0 GHz by use of a microwave Fourier transform
spectrometer which was modified in comparison to
that described in [3]. Details of this schema will
be published [4].

Reprint requests to Prof. Dr. H. Dreizler, Abteilung Che-
mische Physik im Institut fiir Physikalische Chemie, Chri-
stian-Albrechts-Universitat, Olshausenstr. 40, D-2300 Kiel 1,
FRG.

By a fault of the travelling wave tube (TWT) am-
plifier, see part 17 in Fig. 1 of [3], we were forced
to work with the signal source alone, which delivers
approximately 100 mW in some ranges. This result-
ed in a remarkable decrease of sensitivity and of the
range of polarization. Because the 2Q type transi-
tions of phenyl isothiocyanate are of low intensity
and, as lines of this type were not measured until
now, the frequency prediction was inaccurate, it was
not possible to observe these lines without the TWT
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Fig. 1. Jx_g, = 21519 — 215 transition of phenyl isothio-
cyanate, C6ﬁ5—NCS, with nitrogen quadrupole hyperfine
structure. A section of 1 MHz out of 25 MHz range of the
power spectrum is given. Sample interval 20 ns, 32000 k
cycles, 1024 data points supplemented bei 3072 zeros, pres-
sure 0.07 Pa (0.5 mTorr), temperature —18 °C.
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Table 1a. Measured frequencies v, Of phenyl isocyanate,
C¢HsNCO, refined by line contour analysis of overlapping
hfs components. vyyg: hypothetical frequency without
hfs-splitting. Frequencies in MHz.
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Table 1b. Measured frequencies v,,, of phenyl isothio-
cyanate refined by line contour analysis. vy, hypotheti-
cal frequency without N hfs-splitting. — F};equencies in
MHez. (* Not used for centrifugal distortion analysis.)

J'K-K+-JK-K+ F-F Vobs Vinsplit PR ~IE- K. F—~F Vobs Vansplit
303-202 4-33-2 5360591 5360619 40 4—303 S5—4,4-3 4792718 4792722
2-1 5 360.762 33 4792.775
312-211 4-32-1 5603845 5603914 41 3—-312 5-4 4936.494  4936.528
3-2 5604.079 4-3 4936.580
313-212 4-3%2-1 5144746 5144818 42 2-321 3-2 4807.360  4807.501
3-2 5144.986 5edf 4807.440
321-220 2-1 5392550  5393.221 =3 4807.689
4-3 5393.027 431-330) 3-2 4801.587  4801953*
3-2 5393.895 432-33 1 5-4 4801.812
95 2=5331 2=l 5376257  5376.929 4-3 4 802.392
4-3 5376.728 505-40 4 5985.143  5985.143
3-2 5371.610 514-413 6169.174  6169.174
A0 a=3023 P~9i= Zhin TSR s18-41 4 5825109  5825.109
218913 &d 7466913 7466956 523422 6-54-3 6014113 6014158
e it 5-4 6014.256
4—3 7 467.024 524-423 6-54-3 5998749 5998.799
5-4 5998.900
414-313 5-4 6855.113  6855.155
3-2 6 855.151 532-431 4-3 6003.073 6 003.222
4-3 6 855.223 6-5 6 003.145
5—4 6 003.433
422-321 3-2 7206.459 7 206.665
5-4 7206.572 533-432 4-3 6002.944  6003.101
4-3 7206.943 6-5 6 003.024
423-322 3-2 7165852 7166041 54 1-4401 4-3 6001.957  6002.239
5-4 7165.951 542-441] 6-5 6 002.098
4~3 7166.300 5-4 6002.624
431-330 5-4 7177.398 7177.594 60 6 =505 7T173.773  T173.713
4-3 7178.201 61 5-514 7400.795  7400.795
432~331 54 7176983 7177181 61 6 —51 5 6988.077 6 988.077
e 7172.791 624-523 7-65-4 7223928 7223959
81 7-818 9-97-7 5478.599 5478.622 6-5 7224.019
b8 5478.667 625-524 7-65-4 7197100 7197.136
14 212-14 213 15-15;13—13 5722.632  5722.651 6-5 7197.192
14=14 5722.687 633-532 7-65-4 7204927 7204.988
15213-15214 16-16;14—14 7092.185  7092.201 6-5 7205.114
i=13 7988 63 4—-533 7-6:5-4 7204607 7204.667*
6-5 7204.792
642-541] 5-4 7203.073  7203.230
. . . 643-542f 7-6 7203.152
amplifier. After its repair we were able to measure 6-5 7203.452
these lines, see Table 1b. 651-55 0} 5—-4 7202.308 7202.556
The sample pressure was around 0.1 Pa (0.8 mTorr) 652-551 g:g ;%g%gg?
= o :
and the cell temperature was around —20°C for 21 219-21 220 22-22:20—20 5403.350  5403.417
both substances. 21-21 5403.551
22220-22 221 23-23;21-21 6274181  6274.252
3222 6 274.395
3. Spectra and Analysis 23221-23 222 24-24;22-22 7215.616 7215.687
23-23 7215.831

The measured frequencies and their assignments
are listed in Table 1a and 1b for phenyl isocyanate
and phenyl isothiocyanate, respectively. Figure 1
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gives an example of the recordings. The measure-
ments are refined by line contour analyses [5].

The '“N hyperfine structure was analysed by first
order perturbation theory to provide the quadru-
pole coupling constants (program HTINQ and
DH14KS). We proved that no line of the two mole-
cules in the range of our spectrometer is sensitive
enough to the off diagonal elements y,;, of the qua-
drupole coupling tensors. The results for the hfs
analyses are given in Table 2. The standard devia-
tion of the fits are 9 kHz for mean experimental

Table 2. Quadrupole coupling constants of phenyl iso-
cyanate, C¢HsNCO, and phenyl isothiocyanate, CsHsNCS.
For the hfs analyses rotational constants of Table 3a and
3b were taken. Standard deviations in brackets in units of
the last digit. ¢ = standard deviation of the fit, /v = mean
experimental hfs-splitting, |(x,, x_)| = correlation coeffi-
cient.
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splittings of 303 kHz and 210 kHz for phenyl iso-
cyanate and isothiocyanate, respectively.

The deviations from the hypothetical rigid rotor
lines were added to the observed frequencies vy, of
the hfs components. The hypothetical hfs unsplit
line was then calculated as a mean value, see Table
la and 1b.

For phenyl isocyanate we included the frequen-
cies Vynepiit Of Table 1a and the lines of Table I of [1],
and for phenyl isothiocyanate those of Table 1b and
Table 1 of [2], respectively, to perform centrifugal
distortion analyses to fourth order with the Hamil-
tonian of Watsons A reduction [6] (program ZFAP4
7).

Because in [1] and [2] only 2R, type transitions
(Jk_k,— (J+1)g_(k,+1)) were observed and also
in this work the measured lines were mostly of this
type, it was not possible to determine 4 ¢ and d.

When we take v= (2 Vi, obs — Vi,cale) /n\* as a

i

CsHsNCO CgHs;NCS 5 s ;
measure of precision, we get for phenyl isocyanate
X+ {Mg} —(2)']7% 8% = égﬁg 8‘313 16 kHz for the 15 lines measured by MWFT spec-
X —i0, —1Q,
s [MHZ] 2,701 (12) 1.925 (14) troscopy anq 75 l'(Hz for those of Table 1 of [1], gnd
15 [MHz] — 1.444 (15) — 1.434 (18) for phenyl isothiocyanate 32 kHz for the 22 lines
Xec [MHz] — 1.258 (15) —0.491 (18) measured by us and 212 kHz for those of Table 1
Av (kHz) 303 201
of [2].
Ia[kHZ] ‘ (9)024 ?)018 To take into account the higher precision of the
G )| ) ) frequencies measured by MWFT spectroscopy we
: . ; Table 3a. Rotational and centrifugal dis-
Correlation coefficient matrix tortion constants of phenylisocyanate,
C¢HsNCO. Standard deviations in
A4 [MHz] 5202.103 (46) 1.00 brﬁacls(ets in units of the last digit. As-
B [MHz] 972.68072 (62) 0.04  1.00 — 5 = .
sumptions in square brackets. asym
C [MHz] 819.62766 (61) —0.07 0.67  1.00 ety FATRMEten
4, [kHz] 0.0689 (11) —0.14 075 070  1.00
4,k [kHz) —-0.209(16)°  0.19 0.07 0.16 —027  1.00
d; [kHz] 0.01210 (77) —0.69 0.28 —0.20 0.16 —0.17 1.00
A [kHz) [0.0]
Jx [kHz] [0.0]
x —0.930152
Comelati ffici g Table 3b. Rotational and centrifugal dis-
orrelation coefficient matrix tortion constants of phenyl isothiocyanate,
A[MHz]  5219.03 (38) 1.00 CghlgbliCs, e Table: 28,
B [MHz] 634.4716 (16) 0.87 1.00
C [MHZz] 565.6340 (17) —0.87 —0.68 1.00
4, [kHz] 0.0489 (52) —0.03 024 029 1.00
4, [kHz] —0.134(53) —-0.02 0.19 024 0.07 100
o, [kHz] 0.00918 (54) 0.56 0.74 —0.70 —0.03 0.09 1.00
4k [kHz] [0.0]
ok [kHz] [0.0]

% —0.970414
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Table 4a. Quadrupole coupling constants [MHz] of some isocyanates.

Xaa Xbb Xce
H-NCO 2.056 (11) —0.473 (10) —1.583 (10) [8]
CH;-NCO 2.836 (8) —1.288 (21) —1.548 (21) [9]
C,H;—NCO 2.529 (16) —1.137 (20) —1.392 (20) [10]
C¢H;—NCO 2.701 (12) —1.444 (15) —1.258 (15) this work
trans-CH,=CH-NCO 2.52(2) —1.56 (1) —0.96 (2) [11]
cis-CH,=CH-NCO 276 (2) —1.88(1) —0.88 (1) [11]
Table 4b. Quadrupole coupling constants [MHz] of some isothiocyanates.
Xaa Xbb Xee
H-NCS 1.114 (26) —0.530 (71) —0.585 (71) [12]
CH;—-NCS 1.866 (7) —1.112 (18) —0.754 (18) [9]
C,H;—NCS 1.873 (18) —1.264 (26) —0.609 (26) 13
C¢H;—NCS 1.925 (14) —1.434 (18) —0.491 (18) this work
performed analyses, where we weighted our mea-  Acknowledgements

surements by a factor five with respect to those
measured by [1] and by a factor ten with respect to
those measured by [2], respectively.

The results are given in Table 3a and 3b.

As only few measurements of the hfs in rotational
spectra of isocyanates and isothiocyanates have
been reported we give in Table 4a and 4b a com-
parison of the coupling constants.
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