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The microwave spectra of phenyl isocyanate, C6H5NCO, and phenyl isothiocyanate, C6H5NCS, 
have been measured by microwave Fourier transform spectroscopy between 4.7 and 8.0 GHz and 
analysed for nuclear quadrupole hyperfine splitting due to l4N. 

1. Introduction 

Some years ago the microwave spectra of phenyl 
isocyanate, C6H5NCO, and phenyl isothiocyanate, 
C6H5NCS, 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 C2 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 14N 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 
München, and used after vacuum destination. 

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 für Physikalische Chemie, Chri-
stian-Albrechts-Universität, 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 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. JK-K =21 2 i9 — 21220 transition of phenyl isothio-
cyanate, C 6 H 5 - N C S , 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, 32 000 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 1 a. Measured frequencies vobs of phenyl isocyanate, 
C6H5NCO, refined by line contour analysis of overlapping 
hfs components. vunsplit: hypothetical frequency without 
hfs-splitting. Frequencies in MHz. 

Table 1 b. Measured frequencies vobs of phenyl isothio-
cyanate refined by line contour analysis. vu^plit hypotheti-
cal frequency without l4N hfs-splitting. - Frequencies in 
MHz. (* Not used for centrifugal distortion analysis.) 

K'~ K+—JK- K+ F'-F vobs vunsplit J'KL K+—JK- K+ F - F Vobs vunsplit 

3 0 3 - 2 0 2 4 - 3 : 3 - 2 5 3 6 0 . 5 9 1 5 3 6 0 . 6 1 9 4 0 4 - 3 0 3 5 - 4 ; 4 — 3 4 7 9 2 . 7 1 8 4 7 9 2 . 7 2 2 
2 - 1 5 3 6 0 . 7 6 2 3 - 2 4 7 9 2 . 7 7 5 

3 1 2 - 2 1 1 4 - 3 ; 2 - 1 5 6 0 3 . 8 4 5 5 6 0 3 . 9 1 4 4 1 3 - 3 1 2 5 - 4 4 9 3 6 . 4 9 4 4 9 3 6 . 5 2 8 
3 - 2 5 6 0 4 . 0 7 9 4 - 3 4 9 3 6 . 5 8 0 

3 1 3 - 2 1 2 4 — 3 ; 2 — 1 5 1 4 4 . 7 4 6 5 1 4 4 . 8 1 8 4 2 2 - 3 2 1 3 - 2 4 8 0 7 . 3 6 0 4 8 0 7 . 5 0 1 
3 - 2 5 1 4 4 . 9 8 6 5 - 4 4 8 0 7 . 4 4 0 

3 2 1 - 2 2 0 2 - 1 5 3 9 2 . 5 5 0 5 3 9 3 . 2 2 1 4 - 3 4 8 0 7 . 6 8 9 

4 - 3 5 3 9 3 . 0 2 7 4 3 1 - 3 3 0 ' i 3 - 2 4 8 0 1 . 5 8 7 4 8 0 1 9 5 3 
3 - 2 5 3 9 3 . 8 9 5 4 3 2 - 3 3 1 J 5 - 4 4 8 0 1 . 8 1 2 

3 2 2 - 2 2 1 2 - 1 5 3 7 6 . 2 5 7 5 3 7 6 . 9 2 9 
4 - 3 4 8 0 2 . 3 9 2 

4 - 3 5 3 7 6 . 7 2 8 5 0 5 - 4 0 4 5 9 8 5 . 1 4 3 5 9 8 5 . 1 4 3 
3 - 2 5 3 7 7 . 6 1 0 5 1 4 - 4 1 3 6 1 6 9 . 1 7 4 6 1 6 9 . 1 7 4 

4 0 4 - 3 0 3 5 — 4 ; 4 — 3 7 1 2 8 . 5 7 5 7 1 2 8 . 5 9 2 5 1 5 - 4 1 4 5 8 2 5 . 1 0 9 5 8 2 5 . 1 0 9 
3 - 2 7 1 2 8 . 6 5 4 

5 8 2 5 . 1 0 9 5 8 2 5 . 1 0 9 
7 1 2 8 . 6 5 4 

7 4 6 6 . 9 5 6 
5 2 3 - 4 2 2 6 - 5 ; 4 - 3 6 0 1 4 . 1 1 3 6 0 1 4 . 1 5 8 

4 1 3 - 3 1 2 5 - 4 
3 - 2 

7 4 6 6 . 9 1 3 
7 4 6 6 . 9 5 5 

7 4 6 6 . 9 5 6 5 - 4 6 0 1 4 . 2 5 6 
6 0 1 4 . 1 5 8 

4 - 3 7 4 6 7 . 0 2 4 5 2 4 - 4 2 3 6 - 5 ; 4 - 3 5 9 9 8 . 7 4 9 5 9 9 8 . 7 9 9 7 4 6 7 . 0 2 4 

6 8 5 5 . 1 5 5 
5 - 4 5 9 9 8 . 9 0 0 

4 1 4 - 3 1 3 5 - 4 6 8 5 5 . 1 1 3 6 8 5 5 . 1 5 5 
5 9 9 8 . 9 0 0 

3 - 2 6 8 5 5 . 1 5 1 5 3 2 - 4 3 1 4 - 3 6 0 0 3 . 0 7 3 6 0 0 3 . 2 2 2 

4 - 3 6 8 5 5 . 2 2 3 6 - 5 6 0 0 3 . 1 4 5 

4 2 2 - 3 2 1 7 2 0 6 . 4 5 9 
5 - 4 6 0 0 3 . 4 3 3 

4 2 2 - 3 2 1 3 - 2 7 2 0 6 . 4 5 9 7 2 0 6 . 6 6 5 
6 0 0 3 . 4 3 3 

5 - 4 7 2 0 6 . 5 7 2 5 3 3 - 4 3 2 4 - 3 6 0 0 2 . 9 4 4 6 0 0 3 . 1 0 1 

4 - 3 7 2 0 6 . 9 4 3 6 - 5 6 0 0 3 . 0 2 4 

4 2 3 - 3 2 2 3 - 2 7 1 6 5 . 8 5 2 7 1 6 6 . 0 4 1 5 4 1 - 4 4 0 ' l 4 - 3 6 0 0 1 . 9 5 7 6 0 0 2 . 2 3 9 

5 - 4 7 1 6 5 . 9 5 1 
7 1 6 6 . 0 4 1 

5 4 2 - 4 4 1 1 6 - 5 6 0 0 2 . 0 9 8 

4 - 3 7 1 6 6 . 3 0 0 5 - 4 6 0 0 2 . 6 2 4 

4 3 1 - 3 3 0 5 - 4 7 1 7 7 . 3 9 8 7 1 7 7 . 5 9 4 6 0 6 - 5 0 5 7 1 7 3 . 7 7 3 7 1 7 3 . 7 7 3 

4 - 3 7 1 7 8 . 2 0 1 6 1 5 - 5 1 4 7 4 0 0 . 7 9 5 7 4 0 0 . 7 9 5 

4 3 2 - 3 3 1 5 - 4 7 1 7 6 . 9 8 3 7 1 7 7 . 1 8 1 6 1 6 - 5 1 5 6 9 8 8 . 0 7 7 6 9 8 8 . 0 7 7 
4 - 3 7 1 7 7 . 7 9 1 

6 2 4 - 5 2 3 7 - 6 ; 5 - 4 7 2 2 3 . 9 2 8 7 2 2 3 . 9 5 9 
8 1 7 - 8 1 8 9-9-1-1 5 4 7 8 . 5 9 9 5 4 7 8 . 6 2 2 6 - 5 7 2 2 4 . 0 1 9 

8 - 8 5 4 7 8 . 6 6 7 
6 2 5 - 5 2 4 7 - 6 ; 5 - 4 7 1 9 7 . 1 0 9 7 1 9 7 . 1 3 6 

1 4 2 1 2 - 1 4 2 1 3 1 5 — 1 5 ; 1 3 - 1 3 5 7 2 2 . 6 3 2 5 7 2 2 . 6 5 1 6 - 5 7 1 9 7 . 1 9 2 
1 4 - 1 4 5 7 2 2 . 6 8 7 

6 3 3 - 5 3 2 7 - 6 ; 5 - 4 7 2 0 4 . 9 2 7 7 2 0 4 . 9 8 8 
15 2 1 3 - 1 5 2 1 4 1 6 - 1 6 ; 1 4 - 1 4 7 0 9 2 . 1 8 5 7 0 9 2 . 2 0 1 6 - 5 7 2 0 5 . 1 1 4 

1 5 - 1 5 7 0 9 2 . 2 3 6 
6 3 4 - 5 3 3 7 - 6 ; 5 - 4 7 2 0 4 . 6 0 7 7 2 0 4 . 6 6 7 

6 - 5 7 2 0 4 . 7 9 2 

6 4 2 - 5 4 1] 5 - 4 7 2 0 3 . 0 7 3 7 2 0 3 . 2 3 0 
6 4 3 - 5 4 2 / 7 - 6 7 2 0 3 . 1 5 2 

ampl i f i e r . Af te r its repa i r we were ab le to m e a s u r e 6 - 5 7 2 0 3 . 4 5 2 

these lines, see Tab le 1 b. 6 5 1 - 5 5 5 - 4 7 2 0 2 . 3 0 8 7 2 0 2 . 5 5 6 

T h e sample pressure was a round 0.1 Pa (0.8 m T o r r ) 6 5 2 - 5 5 1] 7 -
6 -

6 
5 

7 2 0 2 . 4 3 7 
7 2 0 2 . 9 0 1 

and the cell t e m p e r a t u r e was a r o u n d - 20 ° C fo r 
2 1 2 19 - 2 1 2 2 0 2 2 - 2 2 ; 2 0 - 2 0 5 4 0 3 . 3 5 0 5 4 0 3 . 4 1 7 

both substances. 
2 1 - 2 1 

2 1 - 2 1 5 4 0 3 . 5 5 1 

2 2 2 2 0 - 2 2 2 2 1 2 3 - 2 3 ; 2 1 — 2 1 6 2 7 4 . 1 8 1 6 2 7 4 . 2 5 2 
2 2 - 2 2 6 2 7 4 . 3 9 5 

3. Spectra and Analysis 2 3 2 2 1 - 2 3 2 2 2 2 4 - 2 4 ; 2 2 - 2 2 7 2 1 5 . 6 1 6 7 2 1 5 . 6 8 7 

2 3 - 2 3 7 2 1 5 . 8 3 1 

T h e measured f requenc ies and thei r ass ignments 
are listed in Table 1 a and 1 b for phenyl i socyana te 
and phenyl i sothiocyanate , respectively. F i g u r e 1 
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gives an example of the recordings. The measure-
ments are refined by line contour analyses [5]. 

The 14N hyperfine structure was analysed by first 
order perturbation theory to provide the quadru-
pole coupling constants (program HT1NQ 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 /ab 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, C6H5NCO, and phenyl isothiocyanate, C6H5NCS. 
For the hfs analyses rotational constants of Table 3 a and 
3 b were taken. Standard deviations in brackets in units of 
the last digit. a = standard deviation of the fit, Av = mean 
experimental hfs-splitting, j ( /+, / _ ) | = correlation coeffi-
cient. 

C6H5NCO C6H5NCS 

[MHz] 
X - [MHz] 
/ a a [MHz] 
Xbb [MHz] 
Xcc [MHz] 

-2 .701 (12) 
-0 .186(18) 

2.701 (12) 
- 1.444(15) 
- 1.258 (15) 

- 1.925 (14) 
- 0.942 (23) 

1.925 (14) 
- 1.434(18) 
- 0 . 4 9 1 (18) 

A v (kHz) 303 201 
a [kHz] 9 9 
1 (*+.*-)! 0.024 0.018 

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 vobs of 
the hfs components. The hypothetical hfs unsplit 
line was then calculated as a mean value, see Table 
1 a and 1 b. 

For phenyl isocyanate we included the frequen-
cies vunsplit of Table 1 a and the lines of Table I of [1], 
and for phenyl isothiocyanate those of Table 1 b 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 a R o t type transitions 
(JK-K+ ~ (J+ 1)K-(K+ + \)) were observed and also 
in this work the measured lines were mostly of this 
type, it was not possible to determine A K and ÖK. 

When we take v = (v/)0bs - v/>caic)2//ij1/2 as a 

measure of precision, we get for phenyl isocyanate 
16 kHz for the 15 lines measured by MWFT spec-
troscopy and 75 kHz for those of Table 1 of [1], and 
for phenyl isothiocyanate 32 kHz for the 22 lines 
measured by us and 212 kHz for those of Table 1 
of [2]. 

To take into account the higher precision of the 
frequencies measured by MWFT spectroscopy we 

A [MHz] 
B [MHz] 
C [MHz] 
AJ [kHz] 
AJK [kHz] 
öj [kHz] 
A K [kHz] 
dK [kHz] 
x 

Correlation coefficient matrix 

5 202.103 (46) 
972.68072 (62) 
819.62766 (61) 

0.0689 (11) 
-0 .209(16) 

0.01210 (77) 
[0.0] 
[0.0] 

-0.930152 

1.00 
0.04 

- 0 . 0 7 
- 0 . 1 4 

0.19 
- 0 . 6 9 

1.00 
0.67 1.00 
0.75 0.70 1.00 
0.07 0.16 - 0 . 2 7 1.00 
0.28 - 0 . 2 0 0.16 -0 .17 1.00 

Table 3 a. Rotational and centrifugal dis-
tortion constants of phenylisocyanate, 
C6H5NCO. Standard deviations in 
brackets in units of the last digit. As-
sumptions in square brackets, x = asym-
metry parameter. 

Correlation coefficient matrix 

A [MHz] 5 219.03 (38) 1.00 
B [MHz] 634.4716 (16) 0.87 1.00 
C [MHz] 565.6340 (17) - 0 . 8 7 - 0 . 6 8 1.00 
AJ [kHz] 0.0489 (52) - 0 . 0 3 0.24 0.29 1.00 
AJK [kHz] - 0 . 1 3 4 (53) - 0 . 0 2 0.19 0.24 0.07 1.00 
<5, [kHz] 0.00918 (54) 0.56 0.74 - 0 . 7 0 - 0 . 0 3 0.09 1.00 
A K [kHz] [0.0] 

<5* [kHz] [0.0] 
X -0.970414 

Table 3 b. Rotational and centrifugal dis-
tortion constants of phenyl isothiocyanate, 
C5H5NCS, see Table 3 a. 
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Table 4 a. Quadrupole coupling constants [MHz] of some isocyanates. 

Xaa Xbb Xcc 

H - N C O 
C H 3 - N C O 

C 2 H 5 - N C O 
Q H 5 - N C O 
t rans-CH 2 =CH - NCO 

cis-CH2 = C H - N C O 

2.056 (11) 
2.836 (8) 
2.529 (16) 
2.701 (12) 
2.52 (2) 
2.76 (2) 

- 0 . 473 (10) 
- 1.288 (21) 
- 1.137 (20) 
- 1 .444 (15) 
- 1 . 5 6 ( 1 ) 
- 1 . 8 8 ( 1 ) 

- 1.583 (10) 
- 1 . 5 4 8 (21) 
- 1.392 (20) 
- 1.258 (15) 
- 0 . 9 6 (2) 
- 0 . 8 8 (1) 

[8] 
[9] 
[10] 
this work 
[ 1 1 ] 
[ 1 1 ] 

Table 4 b. Quadrupole coupling constants [MHz] of some isothiocyanates. 

Xaa Xbb Xcc 

H - N C S 
C H 3 - N C S 

C 2 H 5 - N C S 
C 6 H 5 - N C S 

1.114(26) 
1.866 (7) 
1.873 (18) 
1.925 (14) 

- 0 .530 (71) 
-1 .112(18) 
-1 .264 (26) 
-1 .434 (18) 

- 0 . 5 8 5 (71) 
- 0 . 7 5 4 ( 1 8 ) 
- 0 . 6 0 9 (26) 
-0 .491 (18) 

[12] 
[9] 

[13] 
this work 

p e r f o r m e d analyses , w h e r e we we igh t ed ou r m e a -
s u r e m e n t s by a f ac to r f ive wi th respect to those 
m e a s u r e d by [1] a n d by a f ac to r ten wi th respect to 
those m e a s u r e d by [2], respect ively . 

T h e resul ts a re g iven in T a b l e 3 a and 3 b. 
As only few m e a s u r e m e n t s of the hfs in ro ta t iona l 

spec t ra of i socyana tes a n d i so th iocyana tes h a v e 
b e e n r epo r t ed we give in T a b l e 4 a a n d 4 b a com-
pa r i son of the coup l ing constants . 
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