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Large helium clusters of lQ3 to 104 atoms and internal temperature

of 0.4 K are

produced in a supersonic beam expansion. Passing through a low pressure pick-up
cell, the clusters are doped with alkali atoms (Li, Na, K). By varying the number
of picked-up atoms, alkali molecult'.5 and cIusters can be formed on the surface of
the helium droplets.1
species.

Laser spectroscopy is used to identify and characterize the

Due to the low temperature of the t'nvironmt'nt, a large number of alkali dimers
and trimers are produced in their weakly bound high spin ground statt'.5 (triplet and

quartet, respectively). The vibrational spt'ctrum of the 24E' - 14A2' transition of
N83 has been observed for the first time. Its analysis yields information on the importance of the many-body forces in high spin alkali clusters. Upon laser excitation,
a non-adiabatic spin flip occurs with subsequent dissociation into covalently bonded
ground state dimers and excited state atoms or excited singlet dimers and ground
state atoms.
As wilJ be discussed in this paper, helium clusters provide a cold, weakly interacting matrix for the preparation of Van der Waals complexes and the observation
of low temperature chemical reactions.

I F. STJENKEMEIER, J. HI(;GINS, \V. E. ERl"ST AND G. SCOLES, Phys. Rrv.
1.(11.78, :J.592(1994).
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VIBRATIONAL SPECTROSCOPY OF SIZE. SELECTED HYDROGEN
BONDED COMPLEXES IN GAS PHASE AND HOST CLUSTERS
F. Huisken. M. Kaloudis, M. Koch, and A. Kulcke
Max-Planck-Institut ftir Strðmungsforschung, Bunsenstr. 10
D-37073 Göttingen, Germany

Hydrogen-bonded clusters are produced by adiabatic expansion and subjected to a
size selecûon by scattering them from a secondary helium beam (kinematic size selection
after Buck and Meyer). With a rotatable mass spectrometer detector it is possible to
select one specific c1uster size and to measure its absorpûon spectrum by crossing the
unselected cluster beam with the tunable infrared radiaûon oblained from an opûcal
paramelric oscillalor (OPO). The excitalions of HF-, CH-, and OH-strelches are delecled
by measuring the deplelion induced by Ihe pulsed laser radiation (molecular beam deplelion spectroscopy, MBDS).
Using this lechnique, the absorplion bands of various hydrogen-bonded species
[(H~O).,

(CH30H).,

(HF).,

and (HCOOH).]

have been delermined

for n

= 2,3,4,5.

Compared 10 earlier molecular beam sludies, which underestimaled in some cases the
problem of contributing larger c1uslers, several bands had to be reassigned, others were
observed for the first time. In particular. il was found that the lowest-frequency dimer
band (to be assigned to Ihe bonded OH slrelch of the donor molecule) was localed at
3601 cm'l. For each of the larger waler polymers

(n

= 3,4,5)

two bands were found: one

to be assigned 10 the free OH slretch and the olher to be attributed 10 the excilalion of
the OH ring vibralions.
The measurements on free hydrogen-bonded complexes have been complemenled by
depletion experiments applied 10 Ihe same species adsorbed to or embedded in large rare
gas cluslers (ArN and HeN). These composile c1uslers were produced by first generaling
Ihe rare gas c1uslers in an adiabalic expansion and Ihen using Ihe pick-up lechnique 10
dope Ihe rare gas nallo-matr;ces with chromophores. In general Ihe absorplion bands of
Ihese composile species were found 10 lie belween Ihe positions observed for Ihe corresponding complexes in macroscopic cryogenic rare gas malrices and Ihose measured for
the free gas phase complexes.
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IRON

CARBONYL FeCO AND IRON DICARBONYL Fe(COh RADICALS
Keücbi Tanaka, Kouicbi Sakaguchi, and Takebiko Tanaka
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The inftared spectnun ofthe iron carbonyl radical FeCO generated by the 193 nm
excimer laser photolysis of iron pentacarbonyl Fe(CO)S was observed by time-resolved
diode laser spectroscopy. About seventy lines, split into triplet due to the electron spinspin interaction. were assigned to the rOV1òrationaltransitions in the vl (CO stretch) band
ofFeCO. The electronic ground state ofFeCO was confirmed experimentally to be 31:for the first time.
The molecular constants in the ground and Vl states were derived fÌom the analysis
together with the FTMW lines in the lowest spin compoDent il= 0 [1]. The rotationa1 and
centrifugal

distOrtioD constants

are 80

= 4364.276(66)

MHZ and DO = 1.382(29)

kHZ.

The spin-spin interactioD and spin-rotatioD interactioD constants are Ào = 662.5(46) GHz
and 10

=

-970.(30) MHZ, respectively. The present band origin determined vl

=

1946.47060(13) cm-1 is consistent with the recent photo-detachment study ofFeCo- [2]
and 10w-resolutioDinftared diode laser spectroscopy [3]..
The v3 (CO anti-sym, stretch) band ofFe(COh
of

was also observed by the photolysis

Fe(CO)s at 193 nm. Observed spectra are split into triplet due to the spin-spin

interaction. The lines with even N quantum number are missing due to the spin statistics
of C and 0 Duclei, indicating definitely that Fe(COh is linear with Dooh symmetry and
the ground electronic state is 31:-g.
The spin-spin interactioD constant determined is as large as Ào= 659 GHz, wbich is
comparable with that of FeCO but is much larger than that of Fe(COh (12 GHz) [4].
The v3 band origin 1928.19023(52) cm-1 is lower than that ofthe vl band ofFeCO.
[1] Y. Kasa~ et a1 J. Chem. Phys. 103,90 (1995).
[2] P. W. VillaltaandD.

Leopold,J. Chem. Phys. 98,7730(1993).

[3] R. J. Ryther and E. Weitz J. Phys, Chem. 95, 9841 (1991).
[4] Y. Kasai et al to be published.
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CARBON CHAINS Cn (n=4, 6-9, 11, 13 and 15)
EMBEDDED IN NEON MATRlCES
Patrick Freivogcl, Danicl Forney, Michel Grutter,
Jan Fulara1 and John P. Maier
/nstitut für Physikalische Chemie, Universitãt Basel
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Absorption spectra observed between 200 and 800 nm in 5 K neon matrices
could be assigned to the 3~;;

X3~;

transition of C2n (n=2-4)2 and the I~t .....

)(I~: transition of C2n+1 (n=3-7)3. The spectroscopic information was derived
from absorption spectra recorded after mass-selected anions and cations were codeposited with an excess of neon to form a matrix. The charged carbon molecules
are produced from graphite in a cesium sputter anion source or from diacetylene in
a hot cathode discharge cation source and neutralised by mercury lamp irradiation
of the matrix substrate
The assignment

during the deposition.

is based on mass-selection,

theoretical predictions and the

dependence of the absorption wavelength on the number of carbon atoms. The
og bands of these electronic transitions are located at (nm):

I

C.
379.9

C6
511.3

Cs
639.8

I

C7

C9

Cn

CI3

CI5

252.8

295.0

336.3

379.6

419.6

I

Our results are in general agreement with former absorption spectra of graphite
\'apour embedded in argon or neon matrices.

1. Present address: Instytut Fizyki Polskiej Akademii Nauk, AI. Lotników 32-46,
02-668 Warszawa, Poland.
:/. Patrick Freivogel, Mirhel Grutter, Danirl Forney and John P. Maier. Chem.
Phys. Lett. 249 (1996) 191-194; Danie1 Forney, Jan Fulara. Patrirk Frei\"ogel.
~Iichael Jakobi, Daniel Lessen and John P. Maier, J. Chem. Phys. 103 (1995)
48-53; Patrick Freivogel, Jan Fulara. Michael .Jakobi, Daniel Forney and .John 1'.
~Iaier, J. Chem. Phys. 103 (1995) 54-59.
:1. Dalliel Forney, Patrirk Fr..i\'ogd,
I'loys. 104 (1996) 495.H960.
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SPECTROSCOPIC MANIFESTATlONS OF A WAV'E PACKET
MOTlON IN A DOUBLE-WELL POTENTlAL
N F. Kuz'menko, V. V. Eryomin,l. M. Umanskii
Deparlmenl 01 Chemìstry, Moscow Slale Unìversìty, Moscow 119899, Russìa
Using exact numerical methods, we studied the time evolution of wave packets
prepared by the resonant femtosecond excitation of a Na2 molecu1e. The second I I:~
state of this molecule is characterized by a double-well potential formed by the avoided
crossing of two zero-order potentia1s. We showed that the packet dynamics is sensitive
to the peak ñequency of a light pulse and the initia1 vibrationa11evel of the ground state.
Depending on these factors, the packet can be formed either in the inner well or in the
region above the barrier. The packet dynamics can be monitored by measuring timeresolved fluorescence spectra, because, according to the Franck-Condon principle, the
frequency ofthe emitted photon depends on the position ofthe moving wave packet.
The twO wells in this electronic state are separated by a high barrier, and the tunneling probability is sma11.Hence, if the packet is formed in one of two wells, then most
of the packet density remains within this well in the whole course of motion. ln this
case, the packet shows the dynamics that is typica1 for anharmonic potentials. Specifica11y,distinct packet splitting due to fractional reviva1s is observed. But if the packet is
formed above the barrier, then it contains two types of vibrationa1 states: the states localized in the inner well and the states that are spread between the two wells. These two
types of states differ significantly by their period of motion. The packet, during its evolution, is split into high-energy and low-energy components. The splitting, which leads
to rare and irregular fractiona1 revivals of unusua1 type, can be observed in real time by
measuring the line intensities in the emission spectrum.
In order to demonstrate spectroscopic manifestations of the packet dynamics, we
calculated various experimentally observed time-dependent properties of the excited
molecule: the wave packet autocorrelation function, the probability density at a fixed
point, and the emission spectrum. We showed that the autocorrelation function is insensitive to fine structure of the moving packet, whereas the time dependence of line
intensities in the emission spectrum reflects the specific features ofthe packet dynamics.
This work was supported by Russian Foundation for Basic Research, Grant N
96-03-34398.
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New high resolution discrete infrared spectra for H2-Ne, HD-Ne and D2-Ne
have been obtained using a long path (154 m) low-temperature
cell and a Fourier transform
with an uncertainty

IR spectrometer.

(24 K) absorption

Most line positions are measured

of :1:0.01cm-I, alld measurable line broadening due to internal

rotation predissociation

is observed. While discrete IR spectra for this system have

been reported in the past, I these are the first such data for which effects due to
potential anisotropy and predissociation lille broadening could be discerned.
Analysis of these data is difficult because of the large zero point energies (80%
of the isotropic well depth for the H2-Ne and 65% for D2-Ne) and the long de Broglie
wavelengths associated with the observed bound states. These factors would tend to
introduce a high degree of model-dl'pendence ambiguity into efforts to empirically
determine a unique potential energy surface. However, the present work's use of
the theoretically-based

"exchange-coulomb" or XC model for the three-dimensional

potential energy surface implicitly minimizes such problems, since the potential form
semi-quantitatively

incorporatl'S most features of the interaction. This also illcreases

the probability that the potelllial sllrface obtailll'd would yil'ld rl'liabll' prl'dictions
of properties dependellt on rl'giolls of the surface not directly probed by the data
used in the analysis.
The present analysis of the IR and other data yields a full 3-dimensional potential energy surface which flllly al"C'\)UlltSfor all of the spectroscopk,
and pressure-shifting

virial co..fficiellt

coefficient data used in the analysis. and makes predictiolls of

a \"ariety of other experimental propl'rties whkh are generally as good as or better
than those obtained for allY other proposed slIrfaces.

I A.R.W.
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