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We reinvestigated the 14N quadrupole hyperfine struc­
ture (hfs) o f  the JK K+ =  1 io — Iqi , transition o f urea by use 
o f microwave Fourier transform spectroscopy.

We resolved eight components o f the hfs pattern to pro­
vide a precise laboratory experiment for possible radio- 
astronomical searches.

The microwave ground  state spectrum  o f urea, 
C O (N H 2)2, was first m easured and assigned by 
Brown, Godfrey, and Storey [1]. The rotational and 
centrifugal distortion constants, the n h d ipole m o­
m ent and the nitrogen quadrupole coupling con­
stants, determ ined by line shape analyses, are re­
ported in [1]. The ro tational constants obtained in­
dicate a m oderately asym m etric oblate top. N o tran­
sitions due to /j.a o r p c d ipole com ponents were ob­
served.

It is o f great prebiological interest to state the 
existence of urea in interstellar dust clouds. The 
question is not yet answered. We reinvestigated the 
JK-K+ =  1 io~ 1 oi transition  by microwave Fourier 
transform  spectroscopy to resolve the nitrogen qua­
drupole hfs, to p rovide precise frequencies for the 
hfs com ponents to  facilitate radioastronom ical 
searches.

O ur m easurem ent gives in addition  the possibility 
to check the form er hfs analysis [1].

The sample was purchased  from M erck-Schu- 
chardt, D arm stadt, w ith 99.5% purity  and used after 
vacuum  sublim ation a t a tem peratu re o f 94 °C  and 
a pressure ofO. 13 Pa (1 m Torr).

The spectrum was recorded in the range 5.814 to 
5.819 G H z at room tem peratu re  and pressures down
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to 0.03 Pa (0.2 m Torr). C ontinuous pum ping was 
necessary to rem ove the rem aining im purities and 
decom position products.

We used a m icrowave F ourier transform  spec­
trom eter which was m odified  in com parison to that 
described in [2]. The local m icrowave oscillator was 
phase stabilised to a reference oscillator and the 
signal to the local oscillator. D etails o f this schem e 
will be published [3],

By a fault o f the TW T am plifier, see part 17 in 
Fig. 1 of [2], we were forced to work with the signal 
source alone. This resulted in a rem arkable decrease 
o f sensitivity and o f the range o f polarization. 
Therefore it was not possible to polarize all com po­
nents o f the nitrogen quadrupo le  hfs pattern  with 
one polarizing frequency. W e were forced to record 
the m ultiplet o f the 110 — 1 o i transition  w ith eight 
different polarizing frequencies to get the positions 
o f the hfs com ponents.

The m ean values o f eight m easured and by line 
contour analyses refined frequencies and the ir as­
signments are given in Table 1.

Figure 1 is com posed o f three o f eight m easured 
pow er spectra. Because o f the d ifferent polarizing 
frequencies the relative intensities o f the hfs com ­
ponents are not correct.
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Fig. 1. =  1 io— 1 oi transition o f urea, C O (N H 2)2- Be­
cause o f the small range o f polarization three recordings 
with different polarizing frequencies are composed. The 
intensities are not correct. See text. A section o f 3.6 MHz 
out o f a 50 MHz range o f  the power spectra is given. Sam­
ple interval 10 ns, 64000 k cycles, 1024 data points supple­
mented by 3072 zeros, pressure 0.03 Pa (0.2 mTorr), room 
temperature.
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Table 1. Measured frequencies vobs o f urea, C O (N H 2)2, 
refined by line contour analyses. The given frequencies are 
mean values o f eight measurements with different polariz­
ing frequencies. vcak.: calculated with constants o f Table 2. 
vunspiit ■ hypothetical frequency without hfs splitting. Fre­
quencies in MHz.

* KL K’+ — J K_ K+ — 110 101
/', F - I , F 'obs ĉalc ûnsplit

0,1 - 2,2 1 
0,1 -  0,1 j 
1, 0 -  1,1
2 . 2 - 2 , 3
2 . 3 - 2,2  1
1. 2 -  1,2 J
1. 2 -  1,1 
2 , 3 - 2 , 3  
1,1 -  1,2 
1,1 -  M

5814.717

5815.184
5815.463

5816.353

5817.004
5817.296
5817.577
5818.212

5814.724

5815.181
5815.465

5816.345

5817.006
5817.289
5817.572
5818.222

5816.667

Table 2. Quadrupole coupling constants o f urea, CO (NH 2)2- 
For the hfs analysis rotational constants o f [1] were taken. 
a\ standard deviation o f the fit. Av: mean experimental 
splitting.

Xaa=  2.165 (27) MHz 
Xbb=  1.888 (33) MHz 
Xcc =  -4 .0 5 3  (50) MHz 
A v =  500 kHz 
a — 8 kHz

correlation coefficient: {xaa, Xbb) =  0-8 
A =  11233.333 MHz 
B =  10369.369 MHz 
C =  5416.668 MHz

[1] R. D. Brown, P. D. Godfrey, and J. Storey, J. Mol. 
Spectrosc. 58,445 (1975).

The hyperfine structure was analysed by first 
o rder perturbation theory (program s Q2SIM  and 
Q 2FIT, m odified for two equivalent quadrupole 
nuclei).

The coupling schem a / l +  / 2= / ,  I + P = F  was 
applied. The results for the hfs analysis are given in 
Table 2. The standard deviation o f the fit is 8 kHz 
for a mean experim ental splitting o f 500 kHz.

A com parison between the quad rupo le  coupling 
constants determ ined by us and by [1] shows a good 
agreement. One may notice tha t the standard  errors 
o f our coupling constants are larger than those 
estim ated in [1]. Considering the h igher resolution 
o f our spectrum  we cannot explain th is point. N e­
vertheless we believe the frequencies m easured in 
this work are m ore accurate and perhaps they will 
be helpful to discover urea in space.

Acknowledgement

We thank the m em bers o f our g roup for help and 
discussion and the D eutsche Forschungsgem ein­
schaft and Fonds der C hem ie for funds. W e further 
thank Prof. Dr. L. E. Snyder, U rbana, Illinois, for 
his stim ulating interest in this work. W. Kasten ak- 
knowledges a scholarship o f the D eutsche F or­
schungsgemeinschaft. The calculations were m ade 
at the com puter center o f the U niversity o f Kiel.

[2] G. Bestmann, H. Dreizler, E. Fliege, and W. Stahl, J.
Mol. Struct. 97,215 (1983).

[3] E. Fliege and H. Dreizler, to be published.

Nachdruck — auch auszugsweise — nur mit schriftlicher Genehmigung des Verlages gestattet 
Verantwortlich für den Inhalt: A. KLEMM 

Satz und Druck: Konrad Triltsch, Würzburg


