L1
INFLUENCE OF LINE-MIXING EFFECT ON THE Nz COLLISIONINDUCED ABSORPTION BANDSHAPE
A. A. Vil!asin
Institute of Atmospheric Physics, Russian Academy of Sciences, Pyzhevsky per. 3,
Moscow 109017 Russia

Accurate measurements
of the N2 fundamental
absorption
spectra clearly demonstrated, that both at low (77 K) [1] and near
room (228 K
296 K) [2] temperatures
regu1ar oscillations are
superimposed on the smooth absorption profile. The minima (sic!)
of these oscillations correspond to the positions of N2 vibrorotational transitions in 0- and S-branches.

-

In the present work these oscillations are shown to be due to
line-mixing effect. Moreover, whole bandshapes measured in [1, 2]
are well fitted with an average accuracy of about 2 3% making
use of a model, containing but a three adjustable parameters.
Basically strong collision model of Bu1anin et al. [3] is employed to
account for the line-mixing in 0- and S-branches with interbranch
mixing neglected.

-

Following conclusions can be drawn out of the
consideration of collision-induced nitrogen spectra:
1. Line-mixing effect plays a significant
collision-induced bandshape

present

role in the formation

of

2. Ripples seem to be fairly unlikely in any relation with dimeric
features
3. Several

mechanisms

may

be thought to contribute to the
transitions embedded in

broadening of individual N 2 rotational
collision-induced
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STUDY OF THE HzO ABS0RPl10N LINES SHIFTS INDUCED
BY NOBLE GASES PRESSURE
A.D. Bykov, V.V.I.a7.areV.Yu.N. PODOmareV,V.N. StroinOva, and B.A.Tikhomlrov
Institute of Atmospheric Optics of
Siberian Branch of the Russian Academy of Sciences,
Tomsk, 634055 Russia
Study of shift of molecular spectrallines induced by collisions with noble gases' atoms is
interesting for the theory of molecular collisions. In the paper the measurements resuIts
on shifts of H20 absorption lines of 103 vibrational band are presented. The coefficients
of shifts caused by collisions with He, Ne, Ar, Kr, and Xe atoms were determined using
the dual-channel photoacoustic spectrometer with frequency tunable ruby laser
providing the spectral resolution 0.01 cm-1. The experimental values of shifts for the
transitions ~-~l>

5lS~4'

and 505-404 are (in cm-1atm-1):

0:1: 0.002 (He);

0.005:1: 0.002 (Ne); -0.035:1: 0.002 (Ar); -0.043:1: 0.002 (Kr); and -0.043:1: 0.002 (Xe).
The theoretical analysis shows that for collisions H20-He and H20-Ne the curvature of
trajectories of colliding particles shouId be taken into account. In this case the agreement
between experimental data and calcuIated ones is better. The connection between H20
spectral line shift value and polarizability of perturbed atom is described by a simple
expression obtained as the resuIt of theoretical analysis of experimental data.
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TEMPERATURE DEPENDENCE OF PRESSURE BROADENED
LlNEWlDTH OF J

=1-

0 TRANSITION OF CH3CNMOLECULE BY
FOREIGN GASES

S.Gierszal. J.Galica. E.Miá-Kuimiñska

Institute of Molecular Physics of the Polish Academy of Sciences
Smoluchowskiego 17, 60-179 Poznañ, Poland
The collision broadening of microwave spectral lines at low pressures
provides information about forces in pure and mixed gases. The
CN3CN molecule is very abundant in interstellar space and is a very
good probe for detection of the kinetic temperature and density of
interstellar clouds. Accurate knowledge of collision-broadened
linewidth and the determination of the temperature dependence of
these linewidths is necessary for remote sensing of gases.
Temperature dependence of pressure broadened linewidth of
rotational transition of CH3CN molecule have been studied earlier. In
this work H2and OCS pressure-broadening parameters of the J=1 - 0
rotational transition in the ground vibrational state of CH3CN are
measured in the temperature range between 253 and 293 K The
measurements are made using the equilibrium cell in Stark modulated
spectrometer. Experimental results for the linewidth obtained from the
fitting process of Voigt profiles to experimental line shape are
corrected for the effects of Stark modulation, saturation, cavity length
and collisions with cavity walls. We compare measurements with the
resultsof calculationsobtainedfrom the Murphy 80gg5 theory.

-
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COLLlSIONAL BROADENING OF THE J = 1 .. 0 TRANSITION OF
CH3CN BY OXYGEN, HYDROGEN AND CARBONYL SULPHIDE.

S.Gierszal. J.Galica. E.Miá-KuimiIÍ8ka

Institute of Molecular Physics of the Polish Academy of Sciences
Smoluchowskiego 17, 60-179 Poznañ, Poland

Experimental studies of the broadening of the absorption line J = 1 4-0
of CH3CN due to collisions with the foreign perturbers 02, H2 and
OCS are described. The magnitude of the pressure broadening
coefficients reflects the type of interactions occuring in the molecular
collisions. Experimental results for the line width obtained in the fitting
process of Voigt profiles to experimental spectra were corrected for
the effects of saturation, Stark modulation, cavity length, and collisions
with cavity walls. The results of pressure broadening coefficients
measurements

are compared with theoretical values calculated

according to the Murphy-Boggs theory.
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COLLISIONAL COUPLING BETWEEN HYPERFINE
COMPONENTS IN THE ROTATIONAL SPECTRA
OF DIPOLAR MOLECULES

O. Tarrini and G. Bu1Fa
Dipartimentodi Fisica,Piazza Torricelli2, 1-56126Pisa, Italy
Hyperfìne strudure may give problems in the collisional 1ineshape
studies of the molecular rotational spectra. Indeed, in many cases the
hyperfìne components are resolved at low pressures and overlapped at
higher pressures. When this happens, the 1ineshape study leads t9 unre1iable conclusions if col1isional coup1ing between different components is
present but not considered.
Some indications can be found in the 1iterature for the hyperfine
dependence of the collisional broadening parameter1,2. On the contrary,
the collisional coup1ing between hyperfìne components was not enough
studied.
We present here a treatment allowing to solve this problem for molecules having dipole-dipole force as main col1isional interaction.
We show that:

-

Essentially no coup1ing is forecast between the hyperfìne components
of a single rotational transition of 1inear or asymmetric top molecules.

- Line

coup1ing may be present between the hyperfìne components of
a single rotational transition of symmetric top molecules.

-

Line coup1ing may be present between the hypernne components of
two near lying different rotational transitionsj simple seledion rules
are obtained for high values of the rotational quantum number J.
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EVIDENCE FOR VELOCITY DEPENDENCE OF
PRESSURE BROADENING IN CH3I
G.ButTa. S.Carocci. A.Di Lieto. P.Minl!uzzi.
O.Tarrini and M.ToneUi

F.Ouochi.

Dipartimento di Fisica dell'Universita', Piazza Torricelli 2,
1-56126Pisa, ltaly
The purpose of the experiment described in this work is to study the
dependenceof the collision broadening of rotational transitions on the molecular
velocity.The problem is usually attacked by measuring the linewidth parameters
as a function of the gas temperature. This method, however, changes both the
velocityof the colliding partic1esand the populations of the energy levels of the
perturber and therefore it is not easy to disentangle the information about the
effectofthe velocity alone.
We follow a different approach which employs a selective excitation of
molecules in different velocity c1asses.This is possible because we study the
rotational transitions in an excited vibrational state, following the scheme
described in Ref.( 1). A frequency-stable C02 laser is used to excite CH;\1
molecules to the v(,=1 vibrational level. where a mm-wave spectroscopic
analysisis perfomed to measure the rotationallineshapes. If the laser frequency
is detuned from the exact IR resonance only the molecules with the correct
Dopplershift can absorb the laser: this produces a larger average velocity of the
observedmolecules. The preliminary experimental results show a c1earevidence
ofthe dependence of the broadening coefficient on the laser detuning. Since the
laser travels back and forth almost collinearly with the mm-wave radiation. a
Dopplershift is induced also on the rotational transitions. As a consequence we
could observe a splitting of the lines which is consistent with the laser detuning
and allows a direct calibration of the velocity scale.
The broadening measurements are in good agreement with a preliminary
theoretical estimate based on a computation which evaluates the effect of
increasingthe relative velocity of collision partners, while keeping the perturber
conditionsunaltered.
(t). S.Carocci, P.Minguzzi, F.Neri, A.Di Lieto: J. MoI.Spec:trosc:.163, 604
(1994)
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SELF-, NlTROGEN- ANDAlR-BROADENlNG COEmCIENTS
OFBENZENE
J. Ben:er. Y.Heiner*. H.-D. Kronfeldt. V.V. PustOt!ov. B.Sumof. J.WaschuU*
T eclmische Universitãt BerIin, optiscbes Institut. Sekretariat PN 0-1
Straße des 17. Juni 135, 10623 BerIin, Gennany
Fax: +49.30.314 26888, c-mail: yvonnc@marie.physik.tu-berlin.de

During the Iast years benzene has been used as an additive in automotive fuels. Due to
its carcinogcnic effect conceutration measurements are important. To use spectroscopic
methods fur detection pwposes the exact knowledgc of the whole set of spectroscopic
parameters is needed. The Vt..band centred at 1038 cm-t and the v..band centred at 674

an-t are of specia1in1trest, sincc the first lies in an atmospheric window and the
second is the strongestir band of benzene.
Line positions and relative intensities for these bands are well known from
investigations carried out by 1. PLNAand J.W.C. JoHNS 111and 1. L1NDENMAYER
ET
AL.121. Broatfenil'lgdata are not available 50 tàr.
We used a two channel tunable diode Iaser spectrometer which was driven in pulsed
mode to obtain self-, nitrogen- and air-broadening coefficients.
Since the benzene spectrum is very dense we used a self developed 131 Herriott
mu1tipass cell to get a sufficient absorption at the requisitive low pressures. SOOrt
wavelength interva1s of about two hundredths wavenumbers were fitted with up to ten
Voigt profiles simultaneously.
Collision partner- and quantum number dependencies will be discussed, the results
ftom both bands compared.

.) 1.W. and Y.H. gratefully acknowledge a grant from the "Deutsche Bundesstiftung
Umwelt" .
1111. PLIVAandJ.W.C. JOHNS,J. Mol. Spectrosc. 107,318, (1984)
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U. MAGG,H. JONES,J. Mol. Spectrosc. '118. 172, (1988)
I3/H.-D. KRONFELDT,1. BERGER,SPIE Vol. 1780,650, (1992)
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NOBLE-GAS-BROADENING COEFFICIENTS

OF ABSORPTION LINE8 IN THE Vt ANDV3 BANDOF 80z
B. 8umpf. O. Fleiscbmauu. J. Wascbull*.H.-D.Kronfeldt
Technische Universitãt Berlin, OptischesInstitut, Sekr. PN 0-1
Straße des 17. Juni 135, 10623 Berlin, Gennany
Fax.: +49.30.31426888, e-mail: yvonne@marie.physik.tu-berlin.de
We present investigations on the noble gas broadening in the vl and v3 band
of 802 applying high resolution diode laser spectrometry. As collision partners the noble gases helium., neon, argon, krypton and xenon (only v3 band)
were used at pressures up to 2S torr. For the vl band we obtained pressure
broadeningcoefficients of 36 individua11ineswith lower state quantwn numbers 5 ~ f' ~ 44 and 0 ~ Ka" ~ 23. In the case ofthe v3 band we investigated
30 lines with 4 ~ f' ~ 62 and 0 ~ Ka" ~ 24.
For most ofthe absorption lines the typical tendency Yneon~ Yargon~ Ybelium
~
Ykrypton
could be observed. Except for helium this tendency may be understood
by a simple model of atom-molecule collisions. The pressure effect should
follow the lIró rule for dipole-induced dipole interaction and the pressure
broadeningis expected to be proportional the collisionalcross-section.

*) J.W. grateful1y acknowledges a grant from the "Deutsche Bundesstiftung
Umwelt"
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SELF- AND AIR-BROADENING COEFFICIENTS
OF ABSORPTION LINES IN THE Vt BANDOF SOz
O. Fleischmann. B. Sumpf. J. WaschuU*. H.-D. Kronfeldt
Technische Universitãt Berlin, Optisches Institut, Sekr. PN 0-1
Straße des 17. Juni 135, 10623 Berlin, Gennany
Fax.: +49.30.31426888, e-mail: hank@marie.physik.tu-berlin.de
Applying tunable diode laser spectroscopy we investigated. the pressure
broadening of absorption lines in the Totational-vibrational spectra of 802,
Self-broadening coefficients as well as air- and nitrogen-broadening coeffi.
cients were measured. For the vl band we obtained pressure broadening coef.
ficients of individuallines with lower state quantum numbers 13 ~ J" ~ 44 and
2 ~ Ka" ~ 23. our values were compared with the line parameters given by the
HITRAN 1992 database and with calculations by Tejwani 11/.
Whereas the HITRAN database states an average self-broadening coefficient
of 'Yself= 0.39 cm-1/atmfor the whole vl band we observeda variationfrom
0.16 cm-1/atm to 0.41 cm-1/atm.The lowest values belong to weak absorption
lines. We got 0.10 cm-1/atmand 0.11 cm':l/atm as averaged air- and nitrogen.
broadening coefficients, respectively. The IDTRAN database gives a value of
0.13 cm-1/atm for air broadening.
*) J.W. gratefully acknowledges a grant from the "Deutsche Bundesstiftung
Umwelt"

111G. D. Tejwani 1. Chem. Phys. 43, 4676 (1972)
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LINE-BROADENING STUDIES

OF PROPANE

AND WATER

ROTATIONAL LINES IN THE K-BAND
N. Nissen, Th. Köhler, and H. Mäder
Inst. für Physikalische Chemie,
Christian- Albrechts- Universitä.t,
D-24098 Kiel, Germany.
The rotational emission technique in the microwave domain has been
used to study self- and N2-broadening of rotationallines of C3H8 and H20.
These studies were undertaken in the framework of our current interest on
molecules in planetary atmospheres.
From the analysis of the decay of the observed time-domain signals at
different pressures, we determined pressure broadening parameters Cw for
the studied rotationallines. Using the results obtained at different temperatures, the T-dependences of Cw was also analysed assuming a a (~ )-n law.
Details of our K-band-spectrometer used with various types of substancecells are also given.
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HIGH RESOLUTION INFRARED
COLLISIONAL COOLING SPECTROSCOPY
D. Newnham

and J. Ballard

Atmospheric Science Division
Space Science Department
Rutherford Appleton Laboratory
Chilton, Didcot oxi 1 OQX, U.K.

The collisional cooling (or "diffusive trapping") technique allows the generation of non equilibrium pressures of monomer gas and clustered molecules
at cryogenic temperatures. Consequently spectra of condensible vapours at
pressures very much greater than the SVP at the cryogenic temperature can
be measured.
Mid-infrared spectra mea.Sured using a collisionally cooled cell at 77 K
and the Bruker IFS120 HR Fourier transform spectrometer (maximum unapodized resolution 0.0015 cm-1) at RAL are reported. Gases studied include CO2, N02 and methyl silane, all diluted in helium. The effects of
experimental conditions such as spectroscopic gas concentration, helium
pressure and gas ßow rate have been investigated.
Important conclusions from this work are that under certain conditions,
(a) sufficient1yhigh concentrations of monomer gas can be produced at the
low total pressure conditions required for Doppler-limited high resolution
infrared spectroscopy, and (b) efficient cooling of the vibrational as well as
rotational degrees of freedom of the spectroscopic gas molecules occurs.
For applications such as spectroscopic simplification, low temperature
collisional studies and rovibrationalline broadening measurements, the collisional cooling technique offers important advantages over the widely used
supersonic jet expansion method.
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ALIGNMENT t;f'f J:.~rs IN COLLISION- INDUCED FINE STRUCTURE
TRANSITIONS
Ewa Paul-Kwiek
Inst1tute
of Theoret1cal Phys1cs and Astrophys1cs,
Un1vers1ty
of Gdarisk, 80-952 Gdarisk, Poland

Tadeusz Orlikowski
Inst1tute of Phys1cs, N1cholas Copern1cus Un1vers1ty,
87-100 Toruñ, Poland
Trans1t1ons
between the magnet1c sublevels of Ca atom 1n
the 4s5p Rydberg
state 1nduced by co1l1s1ons
w1 tl;1the noble
gases are stud1ed by the quantum close-coup11ng
method [1].
S1nce
1n the contemporary
crosed beam exper1ments
[2,3]
the m-d1str1but1on
of both the initial and the final states can
be resolved
total cross

it 1s possible to invest1gate the dependence of the
sections on the choice of the initial orientat1on

or a11gnment of the atom1c orb1tal. The results of such exper1ments are character1zed
by the mul t1structure
cross sect10ns
where the angles describe the transformaa'
(ß ,ß ,åcx),
J2m2. J1m1 1 2
t10n
from the laser frame to the collision frame. The cross
section formula appears as a summat10n of product terms, conta1n1ng dens1ty
matr1x elements and co1l1sion frame fundamental
cross sect1ons, wh1ch do not depend upon these Euler angles.
St1mulated
by the recent experimental
study by Sm1th et
al. [3J, we have undertaken
theoret1cal
1nvest1gation
of align-

ment effects for the proces Ca(53p

2

...

~P 1 ).

The experiment
is analyzed in terms of a set of the fundamental
cross sect10ns determ1ned
in the coll1s1on
frame. For
the cons1dered
transition
14 fundamental
cross sections
are
needed

to descr1be

the process

completely.

E1ght

of these cross

-

sect10ns are real and positive (conventional type
describing
populat1on transfer) and s1x are complex (coherence type
conta1n1ng phase informat1on).
[1] B.Pou111y and M.H.Alexander. J.Chem.Phys.,86.4790(1987)õ
M.H.Alexander and B.Pouilly, J.Chem.Phys.,90,5373(1989).
[2] S.R.Leone, Annu.Rev.Phys.Chem.,3S,109(1984)õ W.Bussert,
D.Neuschafer and S.R.Leone, J.Chem.Phys. ,87,3833(1987).
[3] C.J.Sm1th, J.P.J.Driessen, L.Eno and S.R.Leone, J.Chem.
Phys. ,96,8212(19920.
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ROT ATIONAL SPECTRUM OF ETHYLIDYNEARSINE : CH3CaAs
Pascal Dréan. GeolVe.~Wlodarczak. Jean Demaison. Jean-Claude Guillemin1 ;md
Laurent Lasalle 1
Laboratoire de Spectroscopie Henzienne. URA CNRS 249, Université de LilIe 1.
F59655 ViIleneuve d'Ascq, France.

Nitriles R-C=N and pbospbaalkynes R-C=P have been tbe subjects of many
spectroscopicstudies. On tbe otber band, tbe arsenic analoguesR-C.As are not very well
known. We present here tbe f1rst syntbesis and spectroscopic study of a non-stabilized
arsaalkyne : tbe etbylydinearsine CH3C=As. It was obtained by tbe base-induced
rearrangemem of ethynylarsine H-C=C-AsH2 on a solid base. in "Vacuum Gas Solid
Reaction" conditions. Ethylydinearsine was f1rst characterized by 1H and 13C NMR
spectroscopy. Then. we recorded its rotational spectrum in the frequency range 90-370 MHz.
and we werc ablc 10detcrmine lhe rotaliona1 and cenlrifugal dislortion constants. as well as
the hypertïnc quadrupole coupling conslam. The loweSl excited vibration state vg= 1 was also
ana1ysed.
In order to caJculale a reliable structure, we studied the rotationaJ spectra of three
deuterated compounds: CD3C=As, CD2HC=As and CDH2C=As and tbree 13C
isotopomers: 13CH3C=As, CH313C=As and 13CH313CæAs. The following structure is
compatible witb tbe experimental rotaûonal constants: r(C.H)=1.087Á. LHCC=110.10, r(C.
C)= 1.465Á, r(C=As)= 1.663Á.
1) Laboratoire de Physicochimie Structurale. URA CNRS 704, Université de Renncs I.
F35042 Rennes. France.
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EXPERIENCES WITH A NEW
FOURIER-TRANSFORM SPECTROMETER IN
THE MILLIMETER-WAVELENGTH
RANGE
J. Doose, N. Nissen, A. Guarnieri and H. Mäder
Inst. für Physikalische Chemie,
Christian- Albrechts- Universitåt,
0-24098 Kiel, Germany.
The recently developed 'Fourier- Transform Mil1imeterwave Spectrometer' [1] (FTMMW) employs the technique of frequency switching which is
in contrast to the commonly used amplitude switching technique for FTspectrometers in the range of centimeter wavelengths.
Frequency switching is achieved by 1800 phase modulation to generate
two different sidebands of the master-oscil1ator frequency (in the microwave
range). Extending this technique to the mil1imeter range by frequency multiplication allows only to use odd harmonics.
The observation of transient emission signals in the time-domain allows
the recording of rotational spectra (after a Fourier transformation) as well
as effects from molecular collisions (line broadening and line shift). Some
recent results with this technique wil1be presented.

[1] R. Schwarz, A. Guarnieri, J.-U. Grabow and J. Ooose,
Rev. Sci. Instrum. 63, 4108 (1992).
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R-TYPE

ßANDS IN HIGH-J ROTATIONAL
SPECTRA
ASYMMETRIC
TOP MOLECULES

OF

Z. Kisiel and L.Pszczólkowski
Institute of Physics, Polish Academy of Sciences
AI.Lotników 32/46, 02-668 Warszawa, Poland
The assignment and analysis of rotational spectra is usually considerably furthered
by the ability to identify spectral bands and to make use of their characteristics. The
majority of spectroscopic constants are normally determinable from R-type transitioDS,
which give rise to the most familiar type-I ba~ds, formed from aRo.1 or cR1.0 transitions
with the same value of J but differing in 1<. The spectral patterns and properties of
aRo.l type-I bands are well understood and have seen much use in the analysis of low-J
rotational spectra. ILturns out however that for high-J transitions the usefulness ofsuch
bands decreases since they remain convergent only for values of ICwhich are appreciably
smaller than -0.9. The cR1.O bands are convergent over a broader region of ICand
can be of use, for example, in studies of isotopically substituted oblate symmetric top
molecules such as 37Cl1 1,1,l-trichloroethane (1C=+O.828),currently under investigatioD
in our laboratory.
In high-J spectra of planar molecules it is actually the type-II R-type bands that
are found to be of greater importance. These are formed from overlaps of transitions
between energy lcvel pairs which become degenerate at the oblate symmetric top limit
and can arise from both 4RO.l and 6Rl." 6Rl._l transitions. Lines down each band are
characterized by decreasing J and increasing 1<-1 and, for example, quantum numben
oftransitions in an a-type band are generated by j k+ hJ-U+1
j -kI:J-21: and jk+ll:+1,j-21:+1

-

j-kl:+1J-21:

-

-

where j is equal to J for the leading line, and k=O,I,2,3...

Detailed convergence conditions for this type of band have been determined in a study
of the a-type spectrum of chlorobenzene (Z.Kisiel, J. Mol. Spectrosc. 144,381(1990))

and we have since observed 6R type-II bands for 1,I-dichloroethyleneand overlapped
4 R and 6R type-II bands for 2-chloroacrylonitrile.
Recent1y, during a study ofthe b-type millimeter wave spectrum oftrichloroethylene,
we observed, in addition to type-II bands, also R-type bands of a different character,
formed by transitions with changes in quantum numbers down the band of I1J=2,
111<-1 =-1 and 111\'+1=3. In fact the new band turns out to be a subtype of a more
general class defìned by the convergence criterion 2A ~ n(B+C) where n=2,3,4,.. " the
value n = 1 not being possible under the constraint of planarity. Subbands of this type
of R-type band, which we shall provisionally call type-III, can be formed from either the
overlaps of 6Rl.l, 6Rl._l or from cR1.0 transitions, and their convergence is critically
dependent on molecular asymmetry.
.

Properties of all three types of bands and in particular of type-III bands are discussed in detail on the basis of band shape calculations and are exemplified by spectroscopic results of studies with our broadband scanning mm-wave spectrometer.
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THE MICROWAVE SPECTRUM
DIMETHYLDIFLUOROSILANE

J.-U.Grabow,

OF

H. Hartwig, N. Heineking, and W. Stahl

Inst. für Physika.lische Chemie, Christian-Albrechts-Universitåt,
Olshausenstr. 40, D-24098 Kiel, Germany.

The microwave spectrum of dimethyldifluorosilane, (CH3hSiF2, has been
assigned using a molecular beam Fourier transform microwave spectrometer.
Fine structures arising from internal rotation of the two equivalent methyl groups
have been resolved, and have been used to determine the height of the hindering
barrier, the moments of inertia of the internal rotors, and the angle between
the internal rotor axes. Hyperfine structures due to spin-rotation and spin-spin
coupling of the flourine nuclei have been part1y resolved.
In addition to the spectrum of the parent isotopomer, several carbon-13
satellites have been assigned. The internal rotation of the two different methyl
groups (symmetry group G18) were analyzed using an internal axes approach
according to [1] and gave similar values compared with the parent isotopomer.
The rotational constants of (l2CH3hSiF2 and (l3CH3)(l2CH3)SiF2 have been
used to obtain a plausible TOstructure.
1 J.M.Vacherand, B.P.Van Eijck, J.Burie, and J.Demaison, J. Mol. Spectrosc.
118, 355 (1986).
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MICROWAVE SPECTRUM AND STRUCTURAL ANALYSIS
OF THE PYRROLE DIMER.
G. Columbergand A. Bauder
Laboratorium für Physikalische Chemie,
Eidgenõssische Technische Hochschule, CH-8092 Zürich, Switzerland

Rotational transitions of a pyrrole dimer have been identified using a pulsed
nozzle Fourier transform microwave spectrometer. The rotational spectra of the
dimer of pyrrole-14N, _15Nand the mixed isotopomers have been measured and
analyzed between 8 and 18 GHz. The spectra have been found to be crowded
because of the small rotational constants B and C which made the assignments
difficult. Rotational constants, centrifugal distortion constants and quadrupole
coupling constants due to the 14N nuclei have been fitted to the measured frequencies of rotational transitions.
The observed rotational constants are consistent with a T -shaped structure
for the dimer. The planes of the two pyrrole molecules are approximately perpendicular with the nitrogen side of one ring directed to the 1relectronic system
of the other ring forming a hydrogen bond. The rotational constants of the available isotopomers have been used to approximate three structural parameters of
the dimer. It has been found that the hydrogen bond length seems to be rather
short, smaller than a typical Van der Waals bond length. The rotational transitions do not show any additional splittings which might be attributed to the
large amplitude motions between the monomers.
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Intracavity

Orotron
Spectroscopy
in
the
Millimeter-Wave Region
B.S.Dumesh, V.D.Gorbatenkov and L.A.Surin

Department of Molecular Spectroscopy, Institute of
Spectroscopy of Russian Acad~my of Sciences
142092 Troitzk, Moscow Reqion, Russia

Mil1imeter-wavespectrometerbased on orotron
shows considerable promise as an instrument for
investiqation of weak transitions in molecules
includinq

nonpolar

molecules,

molecular

complexes

at equilibrium conditions, polar molecules in
highly incited states or at low concentration. The
essence of the spectrometer is that an absorption
cell is placed into a hiqh quality
(Q=104)
resonator of orotron and to detect the absorption
siqnal the variations of the electron beam current
in the collector circuit are measured. The limit

of sensitivity (3-5) *10-10cm-1 has been achieved
with source frequency modulation.
The application of this spectrometer is
demonstrated
by
new
results
on
rotational
transitions of SiH4 in a vibrational dyad v2/v 4
with the absorption coefficient
10-8cm-1. 10
lines in the frequency region 90-130 GHz have been

measured at room temperature and pressure about

.

100 mtorr. Besides, it is possible to use Stark
modulation in this spectrometer. Such a scheme is
very suitable for study of polar molecules and it
has been applied for detection of methanol
dissolved in water. The rotational transition of
methanol
J,k:3,1-2,2
of
E-type
sYmmetry
at
frequency 120197.5 MHz in the qround state was
-7
observed and the limit of the detection (4-5)*10
by volume concentration has been achieved.

L19
THE MlCROWAVE SPECfRUM AND STRUCTURE OF
CFa-o-CHa
R. lCUIm, H. G. Mack. .Ð&chri8ten
Inst1tut

für Physilcalische
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(t) Durig. J.R.. UU, J., Gulrgis, G.A.. van der Veken, B.J.: Struct.
Chem. .i (1993) 103.

L20
MICROWAVE

AND

MILLIMETER-WAVE

SPECTRA

OF

CHLOROFLUOROMETHANEANDCHLOROD~UOROMETHANE
J.L. Alonso.

S. Blanco,

A.G.

Lesarri and J. C. López

Depanamento de Química-Física, Facultad
Valladolid. E-47005 Va11adolid. Spain.

de Ciencias. Universidad de

and A. Guarnieri
Abteilung Chemische Physik im Institut für
Universität Kiel, Kiel. Germany

Physikalische Chemie der

The rotationa1 spectra of 12C350FH:!.v=O, v6= 1. 12C37ClFH2.
v=O. v6= 1
and I3C35ClFH2.v = 0, in natura1 abundance have been observed in the 8.0-250.0
GHz frequency range. Transitions with va1ues of J up to 70 have been measured
and the centrifuga1 distonion ana1ysisof the spectrum has been performed using
both the A- and S-reduced forms of Watson's Hamiltonian. Accurate values of
the quanic and sextic centrifugal distonion constants have been obtained.
Chlorine nuc1ear quadrupole coupling constants have been obtained from first
order ana1yses of the frequencies of one hundred hyperfine components for each
isotopomer. The hyperfine structure of some transitions was observed in the 8-13
GHz region using a recently constructed microwave Fourier transform (FrMW)
spectrometer. The molecular structure of chlorofluoromethane has been

determinedfrom the inenialdata.

.

Two more excited states of about the same intensity have been observed
for the 350 species and have been assigned to the v6..
=2 and v,= 1 states which
are predicted to be very close in energy. The large values of their quartic
centrifugal distonion constants and the differences of these constants with respect
to those found for the remaining satets are indicative of a Coriolis Coupling
interaction between them. Good fittings have been. obtained using a two state
reduced axis system Hamiltonian and a c-type coupling term giving an energy
spacing between these two states close to 9 cm-I
The rotational spectra of '2C3'CIF2H.in the vibrational excited states v6 =1,
v9= 1 and v,= 1,.12C370F2H,in the excited states v6= 1 and v9= 1, and 13C3'ClF2H
have been observed and measured in the range 8-250 GHz. The chlorine nuclear
quadrupole hyperfine structure has been measured in the 8-13 GHz region using
the FTMW spectrometer.
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THE ROTATIONAL
AZETIDINE

SPECfRUM

AND

INVERSION

OF

J. C. López, A. G. Lesarri and .I-L A1mWl
Departamento de Química Física, Facultad de Ciencias, Universidad de
Valladolid, E-47005 Valladolid, Spain.
The rotational spectrum of azetidine (trimethylene imine) in the
ground vibrational state and three excited states of the ring-puckering
vibration is under investigation in the frequency range 18-250GHz. The
.uc-type transitions have been found splitted in two components. As
observed by Günther et al [1] in a previous microwave work the
magnitude of these splittingsis nearly independent of J and increases with
ring-puckering quantum number (1.12 MHz for v =0, 38.24 for v=1,
310.30for v=2 and 142.48for v=3). Splittingshave also been observed for
the Q-branch .u.-type transitions for the ring-puckering excited states.
Careful measurements of the intensities of the splitting components give
an intensity ratio of ca. 9:7 between them.
The features associated to these doublings draw interesting
conclusions about the potential energy surface of azetidine. The splitting
can be explained only if a symmetric path for the interconversión between
equatorial fonns is assumed. The observed intensity ratio is an evidence
that the interconversion passes through a fonn in which the ring is
coplanar with the N-H bond. In this confonnation azetidine posses

4

symmetry and the intensity ratio (9:7) correspond to the statistical weigth
effects of three pairs of hydrogen atoms. This interconversion path impUes
a strong coupling between ring-puckeringand N-H inversion givingrise to
a potential energy surface for these two motions of the same nature as
that proposed by Harthcock and Laane for 3-phospholene [2]. These
conclusions are also in good agreement with the results of ab initio
calculations on the structure of azetidine reported by Catalan et al [3].
[1] H. Günther, G. Schrem and H. Oberhammer, J. Mol. Spectrosc., 104,
152-164 (1984).

[2] M. A. Harthcock and J. Laane, J. Chem. Phys., 79, 2103-2113(1983).
[3] J. Catalán, O. Mo and M. Yañez, J. Mol. Struct., 43, 251-257 (1978).
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MILLIMETERW AVE SPECTRA OF OZONE
.Jean-Marcel Colmont. .Jean Cosléou. Georlles Wlodarczak. and .Jean Demaison.
Laboratoire de Spectroscopie Hertzienne, URA CNRS 249, Université de Lille 1,
F59655 Villeneuve d'Ascq, France.

Ozone bas a considerable importance in tbe cbemistry of atmospbere. Numerous
studies have been devoted to it, eitber in tbe infrared range or in tbe microwave range. In tbe
millimeterwave range, among tbe 18 possible isotopomers, 6 of tbose built from 160 or 180
are well identitied. Coben et a1. bave given tbe. f1CStva1ues of tbe molecular constants of
160160170 and 160170160. Tbe Spectraof tbe otber species are tota11yunknown, bence our
study of the mi1limeterwave spectra of tbe isotopomers of ozone which contain one, two or
three 170.
The identification of the spectra has been made düticu1t because of tbe simultaneous
presence of all the isotopic species in tbe cell, and tbis in spite of a sample whicb has been
enriched in 170 and supplied by tbe Laboratoire de Physique Moléculaire and Applications
(Paris VI) witb which we colllaborate for tbis study. Our starting point was tbe estimation of
the values of tbe rotational constants eitber from tbe rE,1structure or from tbe rc structure. The
quartic and sextic centrifugal distortion constants bave been estimated from tbe force field.
The spectra have been recorded between 50 and 395 GHz witb a mil1imeter-wave
spectrometer using superbeterodyne detection and a source-modulated spectrometer using
phase-stabilized submillimeter BWOs as sources and a He-cooled InSb bolometer as detector.

The spectra of all tbe isotopomers have been assigned and tbe rotational and
centrifuga1 distortion constants have been accurately determined. These results will make tbe
assignment of tbe high resolution infrared spectra easier. They also enable us to compare
systematica1ly tbe different metbods of structure determination.
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TUNNELING SPLITI'INGS

IN C2H3+ FROM ITS ROTATIONAL
SPECTRUM.

M. Borey. H. Bolvln,M. Cordonnler, C. Demuynck and J.L. Destombes
Laboratoire de Spectroscopie Hertzienne. associé au CNRS
Unlversité des Sclences et Technologies de UUe
F-59655 ViUeneuve d' Ascq Cédex

-France

and R. Escribano
Instituto de Estructura de la Materia. CSIC
E-28006 Madrid - Spaln

Protonatedacetylenewas thought to be one of the key lons lnvolved ln the
hydrocarbon chemistry of the interstellar medium. This ion has also received
considerableattentlonfromthe quantumchemis18who foundtwo posslblestuctures,
one morestablewith a bridgOO
configuration(nonclassical)and one with a classical,
ethylene-llkestucture. Intemal motlon between these configurationsgives rise to
tunnelingsplittingsof somerotationalenergylevelswhichhavebeencharacterizedbya
grouptheoryanalysis.
The identlficatlon of the infrared spectrum of the V7 vibratlonal state by the
group of T. Oka ln Chicago has aIlowOOa preliminary determination of the B and C
rotational constan18.Nevertheless. the constant A, which Is essential 10an accurate

predictionof the rotationalspectrum(b-type spectrum).could not be determined
(a-type lnfrarOOtransltion). By discharging a mixture of C2H:zIH21
Ar and by scanning
a large frequency range. the millimeter wave spectrum of C2H3+ in i18nonclassical
form has been observOO.

A carefulnumericalanaIysisof the lineshapeotsome rotationaltransitionsfor
whicha splittingwaspredicted.has 100to the measurementof thesesplittings.
With a model based on the semi-rigid bender Hamil1Onlan.we have performed
energy level calculations for several values of the energy barrier to the intemal motion.
In order 10 reproduce rough1y the observed splittings. the barrier should be raised
around 20 percent of the ab initio predicted value (from 1400 to 1650 cm-I
approximately).
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Intramolecular energy flow and reaction dynamics of vibrationally highly
excited NOzas studied by LIF and PHOFEX spectroscopy
J.Miyawaki*, K.Yamanouchi, and S.Tsuchiya
*National Institute for Advanced Interdisciplinary Research, AIST, MITI
Higashi, Tsukuba, Ibaraki 305, Japan
Department of Pure and Applied Sciences, The University ofTokyo
Komaba, Meguro, Tokyo 153, Japan
The laser induced fluorescence (LIF) spectta of jet-cooled NÛ2 were observed in the
energy range from 16,000 an -1up to the dissociation linùt to NO(2 nllV +0(3 P2) at
25,130.6 cm-I with an energy resolution ofO.4cm-I. By convoluting the spectrum, the
feature states representing the bending excited levels in the 2B2 state were identified.
The hierarchicallevel strocture was interpreted in terms of a stepwise intramolecular
vibrational energy redistribution (IVR) caused by the anhannonic couplin.gs within the
2B2 state followed by the vibronic coupling between the 2B2 and 2AI states. Just
below(0-55cm-l) the dissociation linùt, a high resolution (O.04cm-l) measurement
was performed and transitions to the rovibronic eigenstates were resolved. The
observed peak density 9.6/cm-1 was ascribed to the stoong K-mixing and the large
anharmonisity of the electronic goound state potentia1 energy surface. The
statistical analyses applied to the eigen state spectrom sho wed an extremely strong
correlation among these eigenstates, indicating a complete IVR. Photofragment
excitation (PHOFEX) spectta of N02 were observed by monitoring specific 00vibronic quantum states of a fragment NO (2nll2;v=O,J=O.5-6.5) in the energy region
0-160 cm-1 above the dissociation linùt. The dissociation rate constants were obtained
from the peak widths in the PHOFEX spectta. In the energy region where only J=O.5
of NO(2nl12;v=O) is produced, upper bound of the rate constant was derived to be
k=8.5xl09s-1. The observation that the rate constatnt increases stepwise when a new
product channel J= 1.5 opens implies that the transition state is described as a loose
complex. It was a1so found that the product state distribution of NO fluctuates
reflecting the quasibound states of N02' though the distribution averaged over the
observed energy range is consistent with that calculated by the phase space theory.
This state specificity of the rate constant was interpreted in terms of quantum
fluctuatioos associated with an individual quasibound eigeostate. This statistica1
behavior in the dissociation dynamics was supported by the results of our
statistica1 analyses of the LIF spectra just below the dissociation limit.

L25
APPLlCATlON OF BIGB RESOLUTlON FTlR SPECTROSCOPY IN GAS PHASE
KlNETlCS: THE EXCHANGE REACTlON BE1WEEN OXYGEN ATOMS AND
CARBON DlOXlDE.

J. BlomcpisLN. Wessel Larsen. and F. M. Nicolalsen
Institute of Chemistry, University of Copenhagen, Universitetsparken 5,
DK-2100 Copenhagen, Denmark
The atmospherically important exchange reaction between oxygen atoms and
carbon dioxide has been studied by photolyzing a mixture of 180-enriched ozone and
oxygen, 13C-enriched carbon dioxide, and nitrOgen. The change of 1&03-,16Q13CI6Q_
and
16013Cl80-conccntratioDS as function of photolysis time were determined by FI'IR
spectroscopy, using a resolution of 0.01 CJD'I.The ex:perimentalline areas were calculated
with the GRAMS/386 program, and compared with line intensities from the HITRAN
database. Also, direct simulation of the observed spectra were performed, and good
agreement between observed and simulated spectra were obtained.
The observed 1&03-,16Q13CI6Q_
and 16013C1&o-conccntratioDS
were compared with
conccntratioDS calculated from a model of the kinetics including 13 equatioDS.The results
will be presented, and especiaUy the accuracy of this type of experiments will be discussed.
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Line positions and intensities of tbe 2vl+ V2+VJband of 1603
S. BOUAZZA,J.J. PLATEAUX,A. RAMDOUNl,L REGALIA,aad A. BARBE

The 2vl+ v2 + v3 band of 1603 has been recorded and anaIysed for the first time at high
resolution (0.006 cm-1) with a Reims F.T.S. [1].
This band, relatively weaJc,located at 3850 cm-1 lies in H20 bands.
The (211) rotationa11evels were reproduced with the aid ofa single Watson-type Hami1tonian.
However the Ka = 8 line series appearedto be stronglyperturbedby a Coriolisinteraction
linkingthe uppercorrespondinglevelswiththe Ka =5 rotationa11evelsofthe (310) state.
Two other levels are aIso perturbed (Ka = 3, J = 24 and Ka = 4 , J = 36) and the J)roblemwas
to assign the perturbing state. As the (112) state is located more than 110 cm-1 below the
(211) state [2] it was unlikely to be involved in this resonance. We finally identifÿ the (140)
state as the resonating one (its band center is located at 3858 cm-1).
Line intensities were aIso measured for the 2vl+ v2+ v3 and were reproduced with suitable
transition moment operators.
REFERENCES :

(1) J.1. PLATEAUX, S. BOUAZZA and A. BARBE, J. ofMolecular Spectroscopy, 146,
314 (1991).
(21 S. BOUAZZA, J.1. PLATEAUX and A. BARBE to be published.
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I~ROVEMENTSINHETERODYNESPECTROMETRY
FOR ATMOSPHERlC GASES ANAL YSIS
B. Parvitte. M.R. De Backer. S. KaJité. D. Courtois.
C. Thiébeaux. A. Delahai2Ue.
Groupe de Spectroscopie Moléculaire et Atmosphérique
Unité Associée au CNRS : URA D 1434
Faculté des Sciences
BP 347 51062 REIMS Cedex France

-

-

The REIMSGSMAlaboratoryhas developpedfor ten years high resolutioo
heterodynereceivers.The first realisationused a MCT photodiodeas an infrared
mixer.The localoscillatorwas a laboratorymade CO2laser. The spectralrangewas
+1- 1500 Hz.

The RF ana1yserwas obtained by using an 1500-5 MHZ filter and a 15003000 MHZoscillator, controlledand sweeped by a frequency meter and a computer.
Progress have been achievedwith :
- The use of a sealed waveguide CO2 laser.
- The use of an isotopic waveguide CO2 laser.
- The use of a wide bandwidth photomixer with a new RF analysis using an accurate
RF synthesizer.
- The use of an optoacoustic RF multiplex analyser.
- The use of a diode 1aseras a loca1 oscillator in order to obtain tunability and loog
wavelength(13 J1m).
These improvementsare presented along with perspectives.
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NEW INVESTIGATIONS OF THE A2Ll-X2II
BAND SYSTEM IN THE CH RADICAL AND
NEW REDUCTION OF THE VIBRATION-ROTATION
SPECTRUM OF CH FROM THE ATMOS SPECTRA
Z.Bembenek,

J .K~dzierski,

R.K~pa, A.Para,

M.Rytel

and M.Zachwieia

Atomic and Molecular Physics Laboratory, Institute 01 Physics,
Pedagogical University, 35-310 Rzeszów, Poland
Seven bands of the A2ß - X2ß system of CH radical (1) have
been photographed in emission from a Geissler t'ube using a spectrograph. Under high resolution and using Th standard line, as well
as an interferometric comparator the (0-0), (1-1), (2-2), (0-1), (1-2)
bands have been rephotographed and the (3-3), (2-3) bands with a
total number of 144 lines have been registered for the first time. With
the help of the precise constants obtained from our 0-0 band measurements (12 branches with JmtU:= 24.5, 1 =181, u =0.0025 cm-1) of
theA2ß - X2ß transition, we have been able to obtain more accurate
molecular parameters for the X2ß ground state then those previously
reported (2,3). These constants have subsequently been used to derive new exact molecular parameters for the A2ß, V = 1,2,3 state of
CH. The A-doubling constants in the A2~ (4) were obtained for the
first time. The complex vibrational analysis has been carried out to
determine the equilibrium molecular constants. Also, RKR potentials
and r-centroids
have been calculated for both combining states, as
well as Franck-Condon factors for the A-X system.
(1) M.ZACHWIEJA (to be published).
(2) F .MELEN, N .GREVEsSE, A.J .SAUVAL. C.B.FARMER,
R.H.NoRTON, H.BREDOHL, AND I.DUBOIS,J.MoI.Spectrosc.
134, 305-313 (1989).
(3) P.F.BERNATH, C.R.BRAZIER, T.OLSEN, R.HAILEY,
W.T.M.L.FERNANDO,
C.WOODS, A:'lD J.L.HARDWICK,
J.Mol.Spectrosc.,147,
16-26-(1991).
(4) W.UBACHS, W.M. VAN HERPEN, J.J. TER MEULEN,
AND A.DYMANUS,J.Chem.Phys.,
84. 6575-6580 (1986).
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EMISSION OF CO2 IN FLAMES
TEMPERA TURE OF THE MEDIUM
Ü&..BaillI *, C. Camy - Peyret **
Laboratoire LPMA, CN R.S., associé aux Universités Paris-Sud et
Pierre et Marie Curie,
*Bdt 350 Université Paris-Sud, 91405 Orsay Cédex
**Tour 13 - Bte 76 -4, Place Jussieu 75252 PARIS Cedex 05
FRANCE.

Spectra of CIi4+02 flames (PCH. I P01= 0,49) under a total pressure
of 20 mbar have been recorded with a F.T.S. spectrometer (DA2 Bomem) at a
resolution of 0.020 cm-1 in the spectral range 1790 to 5029 cm-1 .

Different species have been identified in this " hot medium" such as
H20, C02, CO, OH and CH. For C02, we have observed rovibrational
transitons with very high J values in the spectral range 4 - 5 Ilm. We shall
show the reversal of the R branch for the transitions 000 1~ 0000 and
0111--+0110(ee and ff) for which lines with J up to 146 have been observed
We have also assigned among the L\v3=1rovibrational transitions those
with

(2v 1+V2)

=5

which have not been observed earlier and occurring

between highly excited levels.
In order to confmn the identification of these very low intensity lines,
it is necessary to determine the temperature of the medium. We have used a
method developped for vibrationally excited media1to determine the value of
the temperature of the present "hot medium" (where local thermodynarnic
equilibrium prevails) with a precision of a few percent
1

- D.Bailly, C. Rossetti, and G. Guelachvili

Chemical Physics 100, 101-118 (1985).
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Measurments of the 0 H Radical in the Spectral Region of
80 - 200 cm-1 with FTS
Albrecht von Bargen, Manfred Birk, and Georg Wagner
Deutsche Forschungsansta1t für Luft- und R.aumfahrt (DLR)
Institut für Optoelektronik
Postfach 1116
D-82230 Weßling, Germany

The pure rotational spectrum of the OH radical has been measured with
a Fourier Transform Spectrometer (Bruker IFS 120HR) in combination with
0.0016 cm-1)
a White type absorption cell1 at high resolution (l/MOPD
covering the spectral range 80 - 200 cm-1. The experiments were carried out in
a flow system, where OH was produced by

=

Typical average OHparticle densities of2.5 1012molec cm-3 were obtained. Beside the strong transitions within both spin components of the electronic ground
state, weak transitions with a change in the spin component could be observed.
Several transitions have been measured for the first time.
Line positions of OH are obtained utilizing the INTBAT2 line fitting program.
Molecular parameters were determined by means of least squares fitting using
the expansion of the Hamiltonian developed by Brown et al.3.

1M. Birk and A. von Bargen, Poster MI4,Proc. 01 the Xlllth Coll. On High Relolution
Moleculor SpeCtrolCOPY,Riccione
2J.W. Johns, perl. commun.
3J.M. Brown, M. Kaise, C.M.L. Kerr, and D.J. Milton, Mol.PhYI. 36(2), 553-582 (1978)
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FTS- Measurements of the H O2 Radical in the Spectral
Region of 30 - 200 cm-1
Albrecht von Bargen, Manfred Birk, and Georg Wagner
Deutsche Forschungsansta1tfür Luft- und Raumfahrt (DLR)
Institut für Optoelektronik
Postfach 1116
D-82230 Weßling, Germany
The pure rotational spectra of the H O2 radical has been measured with a Fou.
rier Transform Spectrometer (FTS) covering the spectral range 30 - 200 cm-1.
In our experiments the H02 was produced by the reaction

Because of the fast self-disproportion of H O2 by

the measurements were pedormed under fiow conditions. The spectra were recorded with a FTS (Bruker IFS 120HR) in combination with a White type
absorption cell1 (absorption path length 72 m) at high resolution (1/MOPD

= 0.0016 cm-1).

The particle density of H02 was calculated from the H202 balance and the
initial fiuorine amount. Line strength and line positions of H O2 obtained with
the INTBAT2 line fìtting program will be presented. The further analysis of
data is in progress and the current status will be discussed.

1M. Birk and A. von Bargen, P08ter M14. Proc. 01XIIlth Coll. On High Re,olution Moleculør
Spectro'COPrI.Ricåone (1993)

2J.W. Johns. per.. commun.
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DETERMINATION

OF (0,6) INTERACTION PARAMETERS OF SYM-

METRIC TOP MOLECULES BY 2D-(RF)MWFT SPECTROSCOPY

C. Gerke.H. Harder and H. Mäder
Institut fiir Physikalische Chemie, Universität Kiel,
Olshausenstr. 40, D-24098 Kiel, Gennany

The technique of two-dimensional radiofi'equency-microwave double resonance
Fourier transfonn (2D-(RF)MWFT) spectroscopy has been applied to the investigation of direct AI-A2 transitions with AJ=O,k-I=i:3 in symmetric top molecules (C3V
symmetry) in first excited degenerate vibrational states. It has been shown' that the
anaIysis of the radiofi'equency transitions leads to an accurate detennination of the
(l11=0, M<.=6) interaction parameters. Recently these parameters have been of
interest since the (0,6) interaction leads to A]-A2 splittings of the K=3 levels in
nondegenerate states2. The accurate detennined values for the degenerate states are
compared with the values for other states. The way the (0,6) interaction is affected
by different kinds of reduction will be discussed.

I

H. Harder, H.-W. Nicolaisen, H. Dreizler, and H. Mäder, Chem. Phys. Lett. 214,
265-270 (1993).

2

G. Cazzoli, G. Cotti, L. Dore, and Z. Kisiel, J. Mo/. Spectrosc. 162, 467-473
(1993).
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MICROWAVE-STUDIESOF THE BENZENE-OCS
VAN DER WAALS COMPLEX
Ursula Dabmen and Wolfeane StahI
Institut für Physikalische Chemie,
Christian-Albrechts-Universität,
D-24098 Kiel, Germany.

The microwave spectrum of benzene-OCS has been measured in the range of
3.5 to 22 GHz using a pulsed molecular beam Fourier transform microwave
spectrometer. The spectrum was found to be a symmetric rotor spectrum

with B

= 605.84342(15)

MHz, DJK

= 4.8581(52)kHz, DJ =

0.27825(32)

kHz. The structure of the complex has been determined from the measured
moments of inertia of four different isotopic species: benzene-OCS, dtbenzene-OCS, ~-benzene-OCS and benzene-t80CS.
The absence of any
transitions due to interna1 rotation of the monomeres in the complex confmn
the assigned structure of the OCS being perpendicular over the center of the
ring.
The interpretation of the distortion constant DJ gave an approximate va1uefor
the stretching force constant ks = 0.056 mdyn A-t of the van der Waals
binding.
The results will be compared with the results of other benzene van der Waals
complexes, like benzene-CO [1] and -HF [2].

[1]

Th. Brupbacher and A. Bauder, J. Chem. Phys. 99, 9394 (1993).

[2]

F. A. Ba1occhi, J. H. Williams, and W. Klemperer, J. Phys. Chem.
87, 2079 (1982).

