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A multitudeof ions, radicals and other shor1-livedreactive species can be formed
by electrical discharge in a low pressure gas mixture. A study of these reactive
species is crucial for a good understanding of the numerous chemical and
physical processestaldng place in the atmosphereand in certa1nregions of space.
Laboratory measurementsof millimetre-waverotational spectra of these species
can identify their presence in these non-accessibleregions. The experimentaland
theoreticalchallengesposed by this work as well as its interest are well iIIustrated
by the recent discovery of H2SiO in a plasma of silane and oxygen. Several
known and unknown species have been formed in this plasma and their
overlapping spectra complicates identification. Only by means of a recenUy
developed method for measuring the lifetime of each of these species was it
possible to extract the spectrum of H2SiO. This method consists of modulating
the discharge (onloft) and detecting the resonant absorption signal as a function
of time using a digital oscilloscope. The spectrum of H2SiO shows some
interestingeffects. Close-lyingKa doublets are less split than predicted and when
very close-lying show a spectral profile indicating the presence of four lines, the
two smaJ1 additional lines corresponding to non-allowed transitions.
Measurementsof the 180, 29Si,30Si and D isotopic species permit an accurate
calculationof the equilibriumstrocturefor comparisonwith ab-initiocalculations.
A very rich residual spectrom observed simultaneously with H2SiO has not yet
been identified and may inc1udethe spectra of the two species HSiOH cis and
trans which are predictedto lie at the same energy as H2SiO.
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Rotational spectra of CnO(n=2, 4
9) have been observed by using a
Fabry-Perot type Fourier transfonn microwave (FTMW) spectrometer
cooperated with a pulsed discharge nozzle (PDN). The molecules have
been generated by a pulsed electric discharge of ~02 dilutOOin Ar, and
then adiabatically 000100to = 2 K in a subsequent supersonic expansion.
The molecules with odd n exhibit a spectrum characteristic of a linearmolecule in a singlet electronic state. For the CsO molecule, spectra of
the nonnal and a11 the single isotope substituted species have been
assigned, leading to a substitution structure. The ra-structure and the
structure calculatOOby an ab initio MO theory for the CsO molecule has
been oomparOOand the linearity of the molecule has been discussOO.The
average C-C bond lengths in the ~O and C90 molecules have been
calculated by assuming the same partial structure as that in the CsO
molecule.
The molecules with even n have been analyzed as linear molecules in the
3~- electronic ground state. The determinOOmolecular oonstants, such as
rotational, spin-spin ooupling, and centrifugal distortion oonstants, have
been providOOinfonnation on the C=C bond length, energy gaps betweèn
the excitOOl~+ electronic state and the 3~- ground state, and rigidity of
the molecules in respect of the bending vibration.
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We have recently set up a millimeter wave free jet
spectrometer.
Its source is a KVARZ millimeter-wave
synthesizer workinq in the frequency ranqe 53.6-78.3
GHz and the radiation is focalized on the jet plume
with a lens corrected
horn system purchased
from
Montech (Clayton, Australia).
We have used it, as first applications,
for the

study of conformational equilibria in some
complicated cases, not resolved so far by
conventional microwave spectroscopy:
(a) Three conformers have been detected for 1chloro-butane. The simplification of the spectra
inherent the fre jet expansion has allowed easy
assiqnments of the various conformers.
(b) The syn conformer has been assiqned for allyl

alcohol. The

rotational spectrum of

the

skew

conformer of allyl alcohol has been reported earlier
(1), while the wide doublinqs due to the internal
rotation of the hydroxyl
qroup prevented
the
assiqnment of the spectrum of the syn conformer.
In both cases a mixture of the sample in Arqon
(7%)
at a staqnation pressure of 0.2 atm at room
temperature was expanded to a final pressure of 10-3
torr throuqh a nozzle with a diameter of 0.35 mm.
Reference:
(1) H.Badawi, P.Lorencak, K.W.Hilliq II, M.Imachi and
R.L.Kuczkowski, J.Mol.Struct., 162, 247, (1987).
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Pure carbon clusters and silicon-carbon clusters have been of interest
for many years due to their astrophysical importance but also because of the
difFerentisomers that occur with increasing cluster size.1In the case of small
carbon clusters that contain less than 10 atoms ab initio calculations predict
for odd numbered clusters a linear 1E electronic ground state bonding while
for even numbered clusters two low energy structural isomers - a 3E linear
chain and a singlet cyclic ring are possible. The Berkeley supersonic cluster
beam apparatus for mid-infrared diode laser spectroscopy2 has been applied
to the fìrst gas phase characterization of linear 04, OS, 06, 07 and 09. No
spectroscopic evidence for the cyclic isomer of any even cluster Jurrently
exists.
For all clusters in the intermediate size range, containing 10 - 20
carbon atoms a ring structure is predicted to be more stable than the linear
form for both even and odd numbered clusters. With 013 we present the
fi.rsthigh resolution spectrum of a pure carbon cluster in this size range.
More than 70 absorption lines of an asymmetric stretching band have been
measured with the band origin at 1809 cm-1. The data fit perfectly to a
linear molecule.
We also present a gas phase spectrum of linear Si03Si. The band
origin was found to be at 1969 cm-1. For both molecules the rotational
constants for the ground state and the fìrst vibrational excited state were
obtained by a least squares fit.
.Present addreu: 1. Phrøil:øli6cheø 1rutitut, Univerrit4t zu Kóln, D-50997 Kóln
1. Weltner and Van Zee, Chem. Rev. 88, 1713 (1989).
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