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This Symposium will address the chemical and physical properties of free radicals, including
paramagnetic molecules, ions and molecules in excited states, and other transient species. We
look forward to your participation at this meeting. In this circular you will find a list of invited
speakers, infonnation about registration, abstract submission, and other infonnation.

SCIENTIFIC PROGRAM
The fonnat of the symposium includes invited lectures and posters.
Presented papers and discussions will cover diverse topics:
spectroscopy of free radicals
dynamics and kinetics of reactions
structure of free radicals
molecular ions and molecules in excited states
free radicals and atmospheric chemistry
interstellar spectra and chemical processes
free radicals as reaction intennediates
free radicals in applied research
new techniques of production and observation
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Chateau de Chillon (Tuesday afternoon)
One of the most beautiful medieval castles in Europe, located on the shore of Lake Geneva.
Situated on the transit road to Italy before the Grand-Saint-Bemhard pass, the rocky islet of
Chillon was from its origins a strategic stronghold. The Fortress was developed in stages until
the middle of the 12th century, when Chillon was acquired by the Savoy Counts. Chillon's
construction is exceptional because of its dual facade, with its mountain-facing fortress and
lake-facing princely residence.
La Berneuse 2048m (conference hike Wednesday afternoon)
La Berneuse is an exceptional balcony above Leysin with a revolving panoramic restaurant
"The Kuklos". From there marked trails allow one to discover the beautiful nature of the Swiss
Alps.
Chateau d' Aigle (Thursday afternoon with wine degustation)
Surrounded by vineyards stands the impressive Castle ofAigle. It was built in the 12th century
by the Savoie and is now Citadel of wine and vineyards. The castle contains a museum which
presents more than 1500 years of winemaking history.
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R. D. Thomas, A. Ehlerding, W. Geppert, F. Hellberg, M. Larsson, V. Zhaunerchyk,
M. Bahti, M. Bannister, M. Fogle, C. R. Vane, A. Petrignani, W. 1. van der Zande,
P. Andersson, and J. B. C. Pettersson
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B-43

Deep-Ultraviolet Quantum interference metrology with ultrashort laser pulses
S. Witte, R. Zinkstok, W. Ubachs, W. Hogervorst, and K.S.E. Eikema
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B-44

New Features of the MOGADOC Database (Molecular Gasphase Documentation)
1. Vogt and N. Vogt
137

B-45

PGOPHER: A General Purpose Program for Simulating Rotational Structure
C. M. Western
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B-46

A PFI-ZEKE photoelectron spectroscopic study of the lowest bending levels of the
quasilinear
S. Willitsch and F. Merkt
139

B-47

High-resolution photoelectron spectroscopy study of the first six electronic states
ofXe+ 2
O. Zehnder, R. A. Dressler, P. Rupper, and F. Merkt
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The Long Way to an Understanding of the Ozone Dissociation!
Recombination Reaction
Klaus Luther, Kawon Oum, and Jiirgen Troe

Institutfor Physikalische Chemie, Universitiit Gottingen,
Tammannstrasse 6, D-37077 Gottingen, Germany

The recombination reaction

° + 02 + M

~

03 + M is characterized by a series of unusual

experimental properties: the low pressure rate constant has an unusually large negative
temperature coefficient, the pressure dependence markedly differs from normal falloff curves of
recombination/dissociation reactions, the reaction is characterized by anomalous isotope effects
which are the origin for oxygen isotope anomalies in the stratosphere. Standard unimolecular
rate theory failed to explain the variety of experimental observations and the proposed model
explanations for selected aspects such as the isotope effects are far from being convincing. Real
progress in the interpretation is expected to come from new accurate ab initio calculations of the

0-02 potential which showed some unusual features. At the same time 03-M potentials need to
be known such that the

° + 02 + M dynamics can be properly simulated. Our work describes

a detailed analysis of experiments on the temperature dependence of the reaction rate which
clearly shows the participation of two mechanisms, the collisional energy transfer (ET) and the
radical-complex (RC) mechanism [1]. With this interpretation we can account for the absolute
values of the low pressure rate coefficients and their temperature dependence. We also try to
understand the pressure dependence of the reaction in terms of a superposition of the ET- and
RC-mechanisms. Finally, we search for experimental traces locating the origin of the isotope
anomalies within the superposition of the two mechanisms and to identify their theoretical
background.
[1]

K. Luther, K. Oum, and J. Troe, Phys. Chern. Chern. Phys. 7, 000 (2005).
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Sun 20:45 - 21 :30

Femtosecond Investigations of the Isomerization and Non-Radiative
Relaxation Dynamics of Electronically Excited Azobenzenes and Nucleic
Acid Bases
Thomas Pancur, Falk Renth, Nina K. Schwalb, Magda Horoiu,
Harald Studzinski, and Friedrich Temps
Institutfor Physikalische Chemie, Christian-Albrechts-Universitiit zu Kiel,
Olshausenstr. 40, D-24098 Kiel, Germany
The elucidation of the photophysical and photochemical dynamics of electronically
excited molecules, which are very short-lived and reactive biradicals, is of fundamental
importance for improving our understanding of photochemical reactions in the laboratory, in
biological systems, or for the development of photoactive materials, molecular switches or
molecular motors.
We investigate the radiative and non-radiative electronic relaxation of selected nucleic
acid bases, including nucleosides, different tautomers and chemically interesting derivatives,
and a series of azobenzenes by time-resolved femtosecond fluorescence up-conversion
spectroscopy. The nucleobases are of interest for their ultrafast internal conversion from the
electronically excited state(s) back to the ground state which gives rise to their extraordinary
UV photostabilities. However, the underlying mechanisms are not yet very well understood.
We have detennined excited electronic state lifetimes for adenine (Ade), which exists in two
tautomeric fonns (9H- and 7H-Ade), adenosine (Ado), and 6-N,N-dimethyladenine (DMAde)
in aqueous solution using excitation wavelengths in the range 245 nm ~ A ~ 280 nm. In the
case of Ade, we obtained evidence for at least two different electronic deactivation pathways,
one attributed to a direct conical intersection (Cl) between the excited (Sl) and the ground
state (So), the other to a CI between S 1 and a theoretically predicted ncr* state. In Ado, the
ncr* state is shifted to higher energies compared to 9H-Ade so that it does not seem to contribute
to the decay. The effect of small chemical modifications becomes obvious by comparisons of
9H-Ade, 7H-Ade, and DMAde. 7H-Ade has a 25 times longer excited state lifetime than
9H-Ade and is assumed to be deactivated via an nn* state. The 7H-Ade lifetime depends
markedly on the local environment (solvent). In contrast, our data for DMAde, which is known
to emit dual fluorescence and for which we have measured the first time-resolved fluorescence
decay curves, appear consistent with fonnation of a twisted intramolecular charge transfer
(TICT) state. Eventually, preliminary results for guanine (Gua) indicate even shorter lifetimes
than for 9H-Ade.
In addition, fluorescence up-conversion spectroscopy has been used in a
study of the photoinduced isomerization reactions of a rotation-restricted trans
azobenzene (AB) derivative capped by a crown ether (AB I), a chemically similar
open derivative (AB2), and unsubstituted trans-AB (AB) after excitation to the
Sl (nn*) state at A = 475 nm. The trans-cis isomerizations of ABl and AB2 in the first excited
state (Sl) appear to proceed via "inversion" at the central nitrogen atom(s) with only slightly
lower rates compared to the "rotational" or "hula-twist" isomerization assumed for the parent
AB.
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Exotic Molecules in the Laboratory and Interstellar Space
Michael C. McCarthy

~ic

Harvard-Smithsonian Center for Astrophysics, 60 Garden Street,
Division ofEngineering and Applied Sciences, Harvard University, 29 Oxford Street,
Cambridge, MA 02138, USA; mccarthy@cfa.harvard.edu

Fourier transfonn microwave spectroscopy of supersonic molecular beams has
developed into a remarkably sensitive technique for studying unstable molecules.
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proven particularly effective for the detection of the kind of large reactive carbon chains
often found in space, such as polyynes, radicals, and carbenes, whose rotational spectra are
greatly simplified at the very low rotational temperature that is readily achieved in a supersonic
molecular beam source. Although laboratory detection remains challenging, during the past
seven years the rotational spectra of more than 130 new carbon, silicon, and sulfur molecules
have been detected, including a number which possess ring, ring-chain, trapezoidal, or even
bicyclic structures. Precise molecular geometries have been detenruned by means of isotopic
substitution for nearly one-half of the newly found molecules. On the basis of the laboratory
data, slightly less than 10% have been detected in space and, with large radio telescopes under
construction or the discovery of better astronomical sources, it is possible that nearly all may
eventually be found.
This talk will provide a broad overview of our recent work, illustrating with a few
specific examples the power of our laboratory techniques, and how these techniques can be
applied to challenging problems in astronomical spectroscopy. Many of the results are of
general interest to the chemical physics community, providing new infonnation on molecular
structure, chemical bonding, and isomeric distributions.
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Mon 09:15 - 10:00

Near-Infrared Spectroscopy of H3 + and CH2 +
Takeshi Oka

Department ofChemistry, and Department ofAstronomy and Astrophysics
The Enrico Fermi Institute, The University ofChicago
A high sensitivity near-infrared molecular ion spectrometer, based on a Ti:sapphire
laser and positive column plasmas, has been used to observe the fourth and fifth overtone
and combination bands (5v/, 5V25, 2v 1+2v/, 3v 1+V21, v 1+4v/, 2v 1+3v/ and 6v/) of H/
with vibrational energies above 10,000 cm-I, the regime in which H3+ has enough energy to
sample linear configurations [l] for a critical test of the theory. Since the ab initio calculation
of Kolos and Wolniewics has provided rovibrational energy levels of H2 with spectroscopic
accuracy in 1975, H3+ has been the benchmark for spectroscopic ab initio theorists. The most
recent calculations by Hinze and colleagues using hyperspherical coordinates [2], based on the
sub-microhartree accuracy potential energy surface with adiabatic and relativistic corrections
by Kutzelnigg and colleagues [3], is purely ab initio and agree with observed values to within
I

about 1 cm- . So it took about 30 years for the high speed computer calculation to go from the
two particle system to the three particle system. The remaining discrepancy between the theory
and experiment must be due to small inaccuracy of the potential surfaces and to non-adiabatic
and radiative corrections that have not been theoretically calculated.
The spectrometer has also been used to observe vibronic bands of the
2
2
A B 1(II)_X AI electronic transition of radical carbo-cation CH2~ [4]; the transition is
between the two components of the 10"g220"g210"u211tu degenerate 2II state split by a strong
Renner-Teller effect. The highly reactive CH/ was produced by the Penning ionization of
CH4 in a helium-dominated (CH 4:He

~

1: 100) liquid-nitrogen-cooled AC plasmas. Based

on ab initio calculations by Bunker, Jensen and colleagues [5] the (0,8,0)II±-L (56 lines),

(0,9,0)L -II± (68 lines), and (0,9,0)

~±-II

(87 lines) transitions have been assigned and

analyzed. More complete studies are in progress. This molecular ion is of special interest for
understanding the chemistry of the diffuse interstellar medium where the high abundance of
CH+ is currently an enigma.
[1] 1. L. Gottfried, B. 1. McCall, and T. Oka, J. Chern. Phys. 118, 10890 (2003)
[2] P. Schiffels, A. Alijah, and J. Hinze, Mol. Phys. 101, 175, 189 (2003)
[3] W. Cencek, 1. Rynchelewski, R. Jaquet, and W. Kutzelnigg, 1. Chern. Phys. 108, 2831
(1998)
[4] J. L. Gottfried and T. Oka., Chern. Phys.121, 11527 (2004)
[5] P. R. Bunker, M. C. Chan. W. P. Kraemer, & P.Jensen, Chern. Phys. Lett. 341,358 (2001)
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Quantum Chemical Treatment of Open-Shell
Molecules using Coupled-Cluster Techniques
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The quantum chemical treatment of open-shell molecules using coupled-cluster theory
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is reviewed. Special emphasis is put on the accurate prediction of energies (e.g., for singlet-
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Mon 11:15 -12:00

Lesions in DNA Subunits: Foundational Structural and Energetic Studies
H. F. Schaefer

University ojGeorgia, Athens, U.S.A.
The Watson-Crick Structure of DN A can be disrupted by lesions of several varieties. Although
much progress is being made on the observation and characterization of biomolecules in the
gas phase, the experiments are difficult. Thus, theoretical input can be quite helpful. One such
lesion involves the removal of a hydrogen atom from the guanine-cytosine base pair. This
(GC-H) structure has many isomers, since the hydrogen atom can be removed from several
locations on both the guanine and cytosine bases.
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Deceleration of Rydberg molecules for cold chemistry
and surface scattering

:udies

T. P. Softley, G. R. Lloyd, G. Maguire and S. R. Procter
Department ofChemistry, Oxford University.
Chemistry Research Laboratory, Mansfield Rd, Oxford, OX] 3TA, UK
E-mail: tim.softley@chem.ox.ac.uk
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Molecular Rydberg states exhibit collisional properties in the gas phase that may either
mimic ion-molecule reactions, or low-energy electron scattering [1]. Depending on the collision
energy the collision partner may either interact with the cationic core of the Rydberg state,
or with the Rydberg electron itself. Rydberg states possess some unique properties that make
them particularly amenable to collisional studies; in particular the high polarizability allows the
creation of an almost arbitrarily large dipole moment, and the ease of field ionization allows
ready detection of Rydberg molecutes. Long lifetimes of the excited states are also attainable
under controlled conditions .
We describe here two types of experiment which take advantage of these properties
(a) to study collisions of Rydberg states with metallic surfaces, and (b) to control the velocity
of Rydberg beams with the eventual aim of studying cold or ultracold collisions. In both
cases two-color excitation (VUV + UV) of~ in supsersonic beam is used to produce Rydberg
states with principal quantum number in the range n = 15 - 40, and with either 0 or 2 units
of rotational angular momentum in the H2+ core. In the first set of experiments, the Rydberg
molecules interact with a metallic surface at grazing incidence. Tunnelling ionization of the
Rydberg electron into the metal occurs and the resultant molecular ions can be pulled away
from the surface by application of an electric field. The field required to extract the ions is
critically dependent on the distance from the surface at which ionization occurs. This field is
measured as a function of initial quantum state populated, and further information obtained
by imaging the trajectories of the ions to the detector (which located on an axis perpendicular
to the surface). Apart from the expected strong dependence of the distance of ionization with
principal quantum number two novel effects are observed; firstly the rotation of the ion core is
found to contribute to the process of tunneting ionization, such that the energy of the ion core
is given up to the electron in a manner analogous to rotational autoionization. Secondly, the
field versus extraction probability profiles show resonance effects with enhancement at specific
fields. The profiles also show a strong dependence on the surface roughness, but not on the
surface material (AI versus Au)
In the second set of experiments. inhomogeneous electric fields are applied to control the
translational motion ofthe molecules [1-4]. In the presence ofan electric field, the dipole moment
of the Rydberg state exceeds the dipole moments of ground-state molecules by many orders of
magnitude. In our experiments the molecules are exposed to the inhomogeneous field of one or
more electric dipoles for a fixed period oftime (~ J..ls) and their trajectories are monitored by field
ionization and ion imaging or time-of-flight measurement. A large decelerating or accelerating
force results from the application of the inhomogeneous field resulting from a single dipole
oriented perpendicular to the beam direction. The observed acceleration and deceleration
are in agreement with those predicted in classical trajectory simulations. Very long lifetimes
(~100 J..ls) are observed under certain field and excitation conditions. A two-dipole device is
currently being tested in which the Rydberg molecules experience a constant field and constant
field gradient as they are decelerated. The purpose ofthis device is to decelerate and trap Rydberg
molecules at temperatures in the milliKelvin range for collisional experiments.
[1]
[2]
[3]
[4]

T. P. Softley, Int. Rev. Phys. Chern. 23 1 (2004).
E. Vliegen, H. 1. Worner, T. P. Softley and F. Merkt, Phys. Rev. Lett. 92 033005 (2004).
S. R. Procter, Y. Yam akita, F. Merkt, and T. P. Softley, Chem. Phys. Lett. 374667 (2003)
S. R. Procter, A. L. Goodgame, T. P. Softley and F. Merkt, 1. Chern. Phys. 121 1419 (2004)
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Resonance Phenomena in the Vibrational Dynamics of
Molecular Ice Particles
Martin Jetzki I, Dana Hennsdorf , and Ruth Signorell l ,2
I Institut for

Physikalische Chemie, Universitiit Gottingen, Tammannstrasse 6,
D-37077 Gottingen, Germany

2Department o/Chemistry, University o/British Columbia, 2036 Main Mall,
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Large molecular aggregates with sizes ranging from less than nanometers up to microns play

pw

an important role in atmospheric processes, as components of the interstellar medium, and as

astJ

bee

drug delivery systems in medicine.
The vibrational dynamics of these particles can be strongly influenced by intrinsic parti
cle properties such as size, shape, or surface area. Such phenomena are discussed here for
several pure and composite ice particles which consist of C02, N 20, NH 3, S02, their
isotopomers, and different carbohydrates. The particles are generated in collisional cooling
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particles.

In

our

contribution we demonstrate that only
the combination of experiments with microscopic models leads to a comprehensive under
standing of the various features observed in the infrared spectra of these particles. The corre
sponding molecular model (exciton model [1,2]) allows us not only to calculate infrared spec

be

tra for huge molecular aggregates but also to derive propensity rules for the occurrence of

faJ

intrinsic particles properties in infrared spectra. Furthennore, we use it to calculate accurate

to

indices of refraction in the region of strong infrared absorption bands.
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[1] R. Signorell, Mol. Phys. 101, 3385, (2003).
[2] R. Disselkamp and G. E. Ewing,J. Chem. Soc. Faraday Trans. 86,2369, (1990).
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High resolution spectroscopy of short lived chain molecules
Yasuki Endo

Department ofBasic Science, The University ofTokyo, Tokyo, Japan

Carbon chain molecules and free radicals have attracted much attention in more
than last 20 years, largely motivated by their existence in the interstellar space.

So far, a

number of carbon chain species with different terminal atoms have been detected mainly by

,s play

and as

pure rotational spectroscopy in the microwave and mm-wave regions in combination with
astronomical studies using radio telescopes.

Although long carbon chain molecules have

been considered to be possible candidates for the diffuse interstellar bands (DIBs), it is only
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recently that their spectra have been observed in the optical region, where methods such as
cavity ring-down spectroscopy have been used to detect new species.

In our laboratory, we

use LIF spectroscopy to detect carbon chain molecules in the optical region.

Although LIF

spectroscopy is limited to species which show fluorescence, the method gives us much
detailed information on those species.

In the present talk, observations of new band systems

of sulfur bearing carbon chain species, CCS, HC 4 S, HC6 S, HSCCS, and SCCS·, are presented.
Especially, fluorescence depletion spectroscopy was applied for the study of SCCS· to
elucidate its electron detachment process.

Although SCCS- is linear both in the ground and

the excited electronic states, its isovalent species, HSCCS, is bent in both of the states.

neter.

Compared to the carbon chain species, relatively little has been known for chain

r left

molecules consisting of other elements.

frared

radicals by FTMW spectroscopy, in order to facilitate the results to atmospheric chemistry.
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Recently, we are studying oxygen bearing free

So far, we have observed pure rotational spectra of a few peroxide radicals, CIOO, BrOO, and
CH300.

It is found that both CIOO and BrOO have very long and weak X-O bonds and can

be regarded as weakly bound ad ducts of X + O2.

Furthermore, we were able to detect a free

forre-

radical containing a chain consisting of three oxygen atoms, HOOO.

spec

be regarded as a weakly bound OH + 02 adduct, since the bond length between HO-OO is

beof

fairly long.

urate

to be an important species to discuss the structures and stabilities of oxygen chain molecules.

This radical can also

As for the oxgen chain molecules, a closed shell species, HOOOH, is considered

Pure rotational transitions of HOOOH have also been detected by FTMW spectroscopy and
FTMW-mm W double-resonance spectroscopy.
structure with C2 symmetry.
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Tue 11:15 -12:00

The Spectroscopy of Reactive Free Radicals Involved in the
Oxidation of Organic Molecules
Terry A. Miller

Laser Spectroscopy Facility, Department of Chemistry
The Ohio State University, 100 W. 18th Avenue Columbus Ohio 43210
The oxidation of organic molecules is of enormous importance to society. Roughly
two-thirds of the world's energy is still derived from the burning of fossil fuels. Since
multi-teragram quantities of organic molecules enter the earth's troposphere annually, its
chemistry is heavily influenced by their oxidative degradation. In the oxidative processes
occurring in both combustion and our atmosphere, key reactive intermediates are the
alkoxy (RO) and peroxy (R0 2 ) free radicals.

Recently we have performed extensive
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studies on the RO radicals using jet-cooled laser induced fluorescence spectroscopy and
on the R0 2 radicals using ambient temperature cavity ringdown spectroscopy. In the
jet-cooled RO work, rotationally resolved spectra allow us to unambiguously identify
species not only by chemical species, but also by isomeric and conformeric form. The
R0 2 work again allows species and isomer identification but is less definitive with respect
to conformers. Details of the spectral analyses and results will be presented.
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Small negatively charged complexes and clusters in the gas phase
Zoe Loh, Rosemary Wilson, Christopher Thompson, Evan Bieske
School a/Chemistry, University 0/ Melbourne, 3010 Australia
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Infrared spectra of small charged complexes and clusters provide fundamental details
on the way in which anions and cations are solvated by neutral molecules [1, 2]. In this talk
we will present infrared spectra of mass-selected anion complexes and clusters consisting of
a halide anion (F-, Cl-, Be, 1-) "solvated" by one or more halocarbon molecules (C6H6' C 2 H2 ,
C2H4, CH4). Generally, the intermolecular bonds in these anion complexes are comparable in
strength to those in hydrogen bonded van der Waals molecules. We will explain how the infrared
spectra are obtained, and how they can be related to the clusters' structures. In some complexes,
such as F--CH4 , Cl--CH4 and CI--C 2 H2 , the hydrocarbon clearly prefers to bind to the halide
by a single hydrogen bond with substantial barriers for rearrangement. In other cases, such as
Cl--C2H4 and Br-C 2H 4 there are different binding sites with very similar energies. In these
instances the spectra (examples shown below) are more complicated, exhibiting a number of
vibrational bands, but are interpretable with the support of ab initio calculations.
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[I] M. A. Duncan, International Journal of Mass Spectrometry 200, 545 (2000).
[2] D. A. Wild and E. 1. Bieske, International Reviews in Physical Chemistry 22, 129 (2003).
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Rovibronic spectroscopy in a degenerate electronic state using tensorial
formalism. Application to some molecules and radicals.
Vincent Boudon,
Laboratoire de Physique de I 'Universite de Bourgogne (LPUB), CNRS UMR 5027,
9 Av. A. Savary, BP 47870, F-21 078 DIJON Cedex, FRANCE.
E-Mail: Vincent.Boudon@u-bourgognefr
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High-resolution rovibronic spectroscopy of open-shell systems, especially for those with
a high symmetry, is still a challenging problem, from both the experimental and theoretical
point of views. While state-of-the-art analyses of rovibrational spectra in a singlet electronic
state are now possible (at least for not too highly excited vibrationai polyads), the situation
is less convincing in the case of degenerate electronic states for which complex vibronic
(Jahn-Teller, ...) and rovibronic couplings arise, due to the breakdown ofthe Born-Oppenheimer
approximation.
We present here an original approach based on the construction of effective rovibronic
Hamiltonians and transition moment operators (dipole moment and polarizability) [1,2,7].
It extends the group theoretical and tensorial formalism methods already developed in the Dijon
group for the rovibrational spectroscopy ofspherical-top molecules [7], by introducing a special
construction of electronic operators [1,2]. The problem of infinite matrices which is inherent
to the standard treatment of the Jahn-Teller effect is avoided and systematic developments
of all symmetry-allowed rovibronic interactions are possible. We also consider the case of
systems with an odd number of electrons that require the symmetrization of half-integer angular
momentum states [5].
Applications to the analysis ofrovibronic spectra ofV(CO)6 eF2g electronic ground term) [3]
and ReF6 (fourfold degenerate electronic ground state due to strong spin-orbit coupling) [4,8]
are discussed in detail. Band profiles for these complex systems can be reproduced with a good
accuracy [3,6] and the high-resolution jet-cooled diode laser spectra of the V3 region of ReF6
previously recorded in ETH Zurich (Switzerland) [4] can be qualitatively interpreted [8].
We also show preliminary resul!ts concerning the extension of the present approach to the
case ofXY3Z radicals with C3v symmetry like CH30 (methoxy) or CH3S (thiomethyl) [9].
[I] M. Rey, V. Boudon, M. Loete, and F. Michelot, 1. Mol. Spectrosc. 204, 106 (2000).
[2] M. Rey, V. Boudon, and M. Loete, 1. Mol. Struct. 599, 125 (2001).
[3] M. Rey, V. Boudon, M. Loete, P. Asselin, P. Soulard, and L. Manceron, 1. Chern. Phys. 114, 10773 (2001).
[4] V. Boudon, M. Rotger, Y. He, H. Hollenstein, M. Quack, and U. Schmitt, 1. Chern. Phys. 117, 3196 (2002).
[5] M. Rey, V. Boudon, C. Wenger, G. Pierre, and B. Sartakov,1. Mol. Spectrosc. 219, 313 (2003).
[6] V. Boudon, M. Rey, M. Rotger, and M. Loete, Proceedings ofSPIE (XlVth Symposium on High Resolution
Molecular Spectroscopy, HighRus 2003, July 6-11, 2003, Krasnoyarsk - Yenisseisk - Krasnoyarsk, Russia), 5311,
I (2003).
[7] V. Boudon, J.-P. Champion, T. Gabard, M. Loete, F. Michelot, G. Pierre, M. Rotger, Ch. Wenger and M. Rey,
1. Mol. Spectrosc., 228, 620--634 (2004).
[8] M. Rey, V. Boudon, M. Rotger, M. Loete, H. HoIlenstein and M. Quack, in preparation (2005).
[9] A. El Hilali, V. Boudon and M. Loete, in preparation (2005) .
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The H2 molecule on Earth and in outer space

orial

Wim Ubachs
Laser Centre Vrije Universiteit Amsterdam, The Netherlands
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The spectrum of molecular hydrogen with the prominent Lyman and Werner band
systems may be used to detect a change in the proton-to-electron mass ratio
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cosmological time, because each individual spectral line depends in a different way on
the mass ratio. The relevant spectral lines of Lyman and Werner bands were investigated
with the use of a tuneable narrow-band extreme ultraviolet laser source in the range

91-108 nm at the Laser Centre VU Amsterdam and first results I on a comparison between
laboratory data (to be considered 'exact') and available quasar data yielded a constraint of
~~/~

= -(O.S ± 3.6) x 10-5 (2cr).

Since this publication progress was made in various aspects. Besides additional
measurements (on v = 0-2 Lyman bands) an improved Dunham analysis was performed
on the newly measured excited state level energies, from which improved values of
the so-called sensitivity coefficients (for a possible change of

~)

were derived. In this

model also hitherto ignored non-Born-Oppenheimer effects and local perturbations in the
H2-spectrum in the molecular structure are included. With the inclusion of newly obtained
accurate quasar data2 (at z=3) a comparison based on our new model produces at least an
indication on a variation of ~.

[1] Ubachs, E. Reinhold, Phys. Rev. Lett. 92, 101302 (2004).
[2] A. Ivanchik, P. Petitjean, D. Varshalovich, B. Aracil, R. Srianand, H. Chand,
C. Ledoux, P. Boisse, Astron. & Astroph. accepted (2005).

I].

101).
002).
solution

v,5311,

M. Rey,

31

INVITED LECTURES

Wed 09:15 - 10:00

Inner-shell studies of free radical and transient species
Stefano Stranges,

L

Department o/Chemistry, La Sapienza University, Pie A. Moro 5, 1-00185, Rome, Italy.
Progress in synchrotron radiation technology has provided sources with high photon
flux and energy resolution. Consequently, the more favorable conditions have stimulated
experimental and theoretical studies of inner-shell ionization and excitation processes
in small free molecules including highly diluted reactive species [1]. Fine spectral details
revealed by using core-hole sub-natural lifetime resolution provide an insight into the
photoabsorption and ionization energetics and dynamics. Results have been obtained for the
first time on the C(1s) photoabsorption and dissociation processes of the CH3 free radical,
produced in a supersonic jet, by total-ion-yield and 3D-ion momentum imaging spectroscopy.
Due to the high photon energy resolution clear vibrational spectral details in electronic
transitions involving a significant molecular geometry change have been obtained. Different
photo fragment patterns have also been observed depending on the nature of the selected
core-excited resonance. Theoretical studies on the C(1s) photo absorption spectrum of the
CH3 radical, which explicitly includes vibrational effects accompanying the photo excitation
process, have been carried out and the comparison between experiment and theory allows
a detail characterization of the potential energy surface for the lowest lying core-excited state.
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The first study of umbrella-like motion in inner-shell spectroscopy in the case of CH3 will be
presented.
The S(2p) photo absorption and ionization processes in the CS transient molecule,
produced by a MW plasma source, have been investigated. The fine spectral details obtained
in this study allow the characterization of the vibronic structure and the potential energy curve
of S(2p) core-excited and ionic states of the CS molecule. Experimental results have been
crucially supported by ab initio relativistic calculations that provided a firm basis for the spectral
assignment. Excellent agreement is found between experiment and theory.
[1] S. Stranges, R. Richter, and M. Alagia, J Chern. Phys., 116,3676 (2002).
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Photofragment spectroscopy of gas-phase biological ions
A. Kamariotis, S.R. Mercier, O.v. Boyarkin, R. D. Beck and T.R. Rizzo

'11y.

Laboratoire de Chimie Physique Moleculaire, Ecole Poly technique Federale de Lausanne
(EPFL), CH-I015 Lausanne, Switzerland
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Spectroscopic studies of biological molecules in the gas phase have largely focused on
neutrals produced by simple heating or laser desorption techniques and cooled in a supersonic
free jet. While a wealth of information has resulted from such studies, at physiological pH,
most biological molecules exist as closed-shell molecular ions, where the competition between
charge solvation by water and by the molecule itself helps determine the subtle energetic balance
that leads to the stabilization of a particular conformation.
Despite the relative ease of volatilizing closed-shell biological ions, their low number
density in the gas phase make performing spectroscopic studies of these species a challenging
task. We produce ions by electrospray, collect them in a hexapole ion trap, mass select them,
and then irradiate them by an IR or UV laser pulse (or a combination of the two) in either a

0.6 meter octopole ion guide or in a cooled, 22-pole linear ion trap. We generate photofragment
spectra by monitoring the appearance of fragment ions as a function of the laser wavelength.

In one case,

This talk will focus on two kinds of photo fragment spectroscopy.
we use

infrared photo fragment

spectroscopy in the

light-atom stretch region to

investigate salt-bridge formation in solvated, amino acids.

We have extensively

studied Valine H+(H2 0)n and Valine Li+(H20)n clusters, since dissociation studies in an
e

ecule,

e

ICR cell have suggested that the latter form a gas-phase salt-bridge.

IR spectra of

Tryptophan H+(H20)n will also be presented.
e

tained
curve
been

lectral

In a second type of experiment, we perform UV photo fragment spectroscopy on bare
aromatic amino acid ions cooled to

~ 10K

in a 22-pole ion trap. Collisional cooling in such a

trap greatly simplifies the spectroscopy by reducing both rotational and vibrational temperatures.
Our most recent results on protonated tryptophan and tyrosine will be presented.
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Spectroscopy and Dynamics of Jet Cooled Molecular Transients
Feng Dong, Chandra Savage, Scott Davis and David J. Nesbitt

JILA, University o/Colorado and National Institute o/Standards and Technology, and
Department o/Chemistry and Biochemistry, University o/Colorado, Boulder, Colorado
80309-0440

Abstract:
The combination of quantum shot noise limited direct IR laser absorption
methods with frequency modulated slit supersonic jet discharge sources offer a

monomc

remarkably universal and yet extremely sensitive approach for spectroscopic study of

colleagu

highly reactive transients. This talk will mainly focus on recent examples from our group

this radij

in two complementary areas, ranging from IR spectroscopy of combustion intermediates

and l3e]

(e.g., halomethyi, cyc1opropyl and vinyl radicals) to jet cooled molecular ions (e.g.,

dye lase

HD 2 0+, H 2 DO+, and CHsl. 1) High-resolution infrared CH stretch spectra ofjet-cooled
cyc1opropyl radical are reported, revealing quantum level doubling due to tunneling of

is quite

earth ca
produce

the lone a-CH with respect to the CCC plane as well as IVR coupling with background

spectra,

vibrational modes. From a Boltzmann popUlation analysis, tunneling splittings for

to deten

I

cyc1opropyl radical are obtained (3.2 ± 0.3 cm- I and 4.9 ± 0.3 cm- in the ground and

V7

excited states, respectively), indicating stereoracemization of the a-CH radical center to
be very facile [k~ 2.0(4) x 10 11

S-I].

Modeling of ground state tunneling splitting permits

aVo = 780 ± 40 cm- I barrier height to be extracted. 2) let-cooled high-resolution infrared
spectra of partially deuterated hydronium ions (HD 2 0+ and H 2 DOl in the O-H stretch
region are obtained, exploiting concentration modulation capabilities of the slit jet
discharge spectrometer. Transitions out of both lower and upper tunneling levels are
observed, as well as transitions across the tunneling gap for HD2 0+, which permit both

ground (27.0318(72) cm- I ) and excited state (17.7612(54) cm- I ) tunneling splittings to be
determined to spectroscopic precision from a single rovibrational band. These high
resolution experimental results prove in encouraging agreement with recent ab initio 6D
potential surface predictions for H30+ and isotopomers by Halonen, Bowman and
coworkers.
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Determination of structure from electronic spectra
of the calcium monomethoxide radical
Amanda Ross

i

'0

Laboratoire de Spectrometrie Ionique et Moleculaire
Universite Lyon I & CNRS
Batiment Kastler, Domaine Scientifique de la Doua
69622 Villeurbanne Cedex, France.

Some bands in the red A 2E

~

X 2Al and yellow B 2AI

~

X 2AI systems of calcium

monomethoxide have been recorded by laser excitation spectroscopy, in collaboration with
coUeagues at the University of New Brunswick, Canada. We have studied four isotopomers of

p

this radical, which were produced in a laser ablation source using 12CH30H, 13CH30H, 12CD30D
and 13CD30D as precursors. Spectra have been recorded using a tuneable single mode cw
dye laser. The spectroscopy of the

low~lying

electronic states involved in these transitions

is quite well described in tenns of excitation of a non-bonding electron located on the alkali
earth cation. However, closer investigation of our spectra reveals that electronic excitation
produces some changes in the geometry of the methoxy ligand, too. The talk will describe the
spectra, outlining some of the difficulties encountered in the analysis. Isotope effects allow us
to determine several structural parameters, which may be compared with similar species.

s
j
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Molecular probes of the atmospheres of cool stars

Infrared

John M. Brown

The Physical and Theoretical Chemistry Laboratory, University ofOxford, Oxford OX] 3QZ,
England
In the last 10 years, astronomers have succeeded in identifying a new class of cool star

benzene,

called the Brown Dwarf [1]. These objects are intermediate in size between normal, oxygen

nozzle cI

rich stars, like the Sun, and large planets. The processes that occur in stellar atmospheres and

time-of-~

provide information on the formation of stars have traditionally been investigated by the use

a Nd:YA(

of atomic spectra. However, the atmospheres of Brown Dwarfs are too cool (about 1500K) for

complexe

atoms to exist there in great abundaoce; indeed they are showing a distinct tendency under these

size depe

conditions to form molecules instead. There is therefore a need to characterize the appropriate

larger COl

molecular species spectroscopically so that they can provide the required information about

M"(C2~'

the local temperatures and magnetic fields. From the astronomers' point of view, an almost

complexl

ideal species for this purpose is the diatomic molecule, FeH. Unfortunately (or maybe not), this

acetylene

molecule has a very complicated electronic spectrum [2, 3]. Recent results in an endeavour to

water cO'

understand the spectrum will be reported. Particular attention will be paid to the determination

measurec
whose S]
assignmc

of magnetic properties of the molecule.
[1] J.D. Kirkpatrick, F. Allard, T. Bida, B. Zuckerman, E.E. Becklin, G. Chan brier and 1. Baraffe

Astrophys.J, 519, 834 (1999).
[2] J.G. Phillips, S.P. Davis, B. Lindgren and W. J. Balfour, Astrophys.JSupp., 65, 721 (1987).
[3] C. Wilson, H.M. Cook and J.M. Brown, JChem.Phys., 115,5943 (2001).
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Infrared spectroscopy of metal ion complexes: models for metal ligand interactions and
solvation
Richard S. Walters, E. Dinesh Pillai, Todd D. Jaeger and Michael A. Duncan

73QZ,

)01

star

Department o/Chemistry, University o/Georgia, Athens, GA 30602-2556
Weakly bound complexes of the form M+-Lx (M=Fe, Ni, Co, etc.; L=C0 2, C 2H2, H20,
benzene, N 2) are prepared in supersonic molecular beams by laser vaporization in a pulsed
size~ selected

xygen

nozzle cluster source.

;es and

time-of-flight mass spectrometer. Clusters are photodissociated at infrared wavelengths with

me use
~K) for

aNd: YAG pumped infrared optical parametric oscillator/amplifier (OPO/OPA) laser. M+-(C02)x
complexes absorb near the free CO 2 asymmetric stretch near 2349 cm- I but with an interesting

!rthese

size dependent variation in the resonances. Small clusters have blue-shifted resonances, while

)priate

larger complexes have additional bands due to surface CO 2 molecules not attached to the metal.

about

M'-(C2H2)o complexes absorb near the C-H stretches in acetylene, but resonances in metal

almost

complexes are red-shifted with respect to the isolated molecule. Ni+ and Co+ complexes with

t), this

acetylene undergo intraduster cyclization reactions to form cycIobutadiene. Transition metal

'our to

water complexes are studied in the O-H stretch region, and partial rotational structure can be

nation

measured. M+(benzene} and M+(benzene' 2 ions represent half-sandwich and sandwich species,

These species are mass analyzed and

in a reflectron

whose spectra are measured near the free benzene modes. These new IR spectra and their
assignments will be discussed as wen as other new IR spectra for similar complexes.

iaraffe

1987).
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Time-resolved Fourier transform spectroscopy with a high-resolution
interferometer
K. Kawaguchi
Faculty ofScience, Okayama University, Tsushima-naka-3-1-1, Okayama 700-8530, Japan
A continuously scanning Fourier transform (FT) spectrometer (Bruker IFS 120 HR) is
applied for observing time-resolved spectra after pulse phenomena, where we newly developed
a multi-sampling method by using a chip computer SX[l]. In the present system, He-Ne laser
fringe and scan signals from the spectrometer are fed into the chip computer SX28AC (Parallax
Inc. USA) which operates with a 50 MHz clock and generates various kinds of pulses, that is,
triggers for pulse phenomena, for AD converter, and for data acquisition control by programming.
Maximum 64 time-resolved data are recorded with a preset time interval in a single scan of the

such
ideal
high.
detail
andlo

interferometer. The time resolution is 1 Jlsec, limited by a response time of a detector system
used. The time range may be suitable for studies of gas-phase reaction and collisional relaxation
processes etc. by monitoring each vibration-rotation transition. The method was applied to
studies of emission spectra from Rydberg molecules, H3+, ArH+, and CF4 plasma.
Electronic transitions of He2, ArH, NeH, and KrH have been observed in the infrared
region, where a pulsed discharge with duration of 20 Jlsec was applied. From the time profiles
of emission intensities, He2 in Rydberg states with higher energy than the b3I1 state are found to
be produced efficiently in afterglow plasma. Fifteen bands ofHe 2 in the 2300-8000 cm- l region
have been assigned by using previously reported data in the optical region. A new 5fstate has
been identified for the first time through the 5f4d and 5f3d bands in the 2600 cm-! region and
8200 cm- l region, respectively, where we employed multichannel quantum defect treatment for
the analysis.
A liquid nitrogen cooled emission cell was used for a pulsed discharge in an H2 and
He mixture, and emission lines of He, H, and H/ were observed with different time profiles.
The He gas was necessary for observing H/ emission from the v2 state. Rotationally cooled
7 transitions of the v2 band were observed with a rise time and decay time of about 10 Jlsec. The
rise time is explained by production of the ion and rotational equilibrium in the v2 state. The
decay time is mainly due to collisional deactivation. Emission from atomic hydrogen in the n=5
state appeared in afterglow plasma, implying occurrence of an H3+and electron recombination
process.
[1] K. Kawaguchi, Y. Hama, and S. Nishida, J. Mol. Spectrosc. 232, 1 (2005)
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Extreme Chemistry: Pushed Over the Edge
with Entrance Channel Complexes

tion

R.E. Miller
Department o/Chemistry
University 0/North Carolina
Chapel Hill, NC 27599
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High resolution spectroscopy can provide detailed information on the entrance and exit
channels on reactive potential energy surfaces, as well as for transient reactive intermediates
and transition states. We will discuss the use of helium nanodroplet as a medium for stabilizing
such species so that they can be studied using infrared laser spectroscopy. Helium is a nearly
ideal spectroscopic matrix for isolating such species, given that the associated resolution is quite
high. In fact, the for the species discussed here, the spectra are rotationally resolved, providing
detailed information on the associated structures. It is also possible to vary the number of atoms
and/or molecules doped into the droplets in order to study clusters of different sizes.

system
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The free radicals of interest here are formed by pyrolyzing a suitable precursor molecule,
using a high temperature source, or picking up a highly reactive atomic species from an oven.
Pick-up of the radicals is accomplished by passing the helium droplet beam close to the exit
from the source. The addition of other mo[ecules to the droplets facilitates the formation of
complexes corresponding to the exit and entrance charmels of important chemical reactions.
We discuss infrared-infrared pump-probe experiments designed to study the photo-induced,
vibrational activation of a chemical reaction from an entrance charmel complex. Such studies
provide us with ways of probing steric effects in chemical reaction dynamics.
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Chemistry and Spectroscopy of Atmospheric NO x Radicals
Mitchio Okumura

Arthur Amos Noyes Laboratory ofChemical Physics, MS 127-72
California Institute ofTechnology
Pasadena, CA 91125 USA
the
Nitrogen oxide radicals and their products are important in the chemistry of ozone
throughout the troposphere and stratosphere. In this talk, we present results on two subjects: 1)
The spectroscopy and chemistry ofperoxynitrous acid (HOONO), a product of the reaction OH
+ NO.2' and 2) new insights into the Jahn-Teller effect in N0 3 through the spectroscopy of the
dark A 2E" state.
1) Peroxynitrous Acid, HOONO. The termolecular association reaction
OH+N0 2 +M ~ HON02 +M
is a critical radical chain termination step in the atmosphere, as two reactive radicals recombine
to form stable nitric acid. Peroxynitrous acid, HOONO, is a weakly bound isomer ofnitric acid
that is formed as a secondary product of the reaction
OH+N0 2 +M ~ HOONO+M
which reduces the efficacy of reaction (la) as a sink ofHO x and NO x radicals, because HOONO
rapidly re-dissociates under atmospheric conditions. In models ofpolluted urban air, predictions
of ozone production are almost inversely proportional to the branching ratio, and HOONO
yields as small as 20% can be significant. Study of HOONO is complicated by the existence of
at least two low-energy isomers. Detection of HOONO by cavity ringdown spectroscopy and
action spectroscopy has allowed us to measure its yield over a range of conditions, investigate
the kinetics of its isomerization, and explore its vibrational dynamics. The overtone action
spectroscopy ofHOONO, first detected by Nizkorodov and Wennberg, had a puzzling structure
which was unassigned. We have developed a 2D vibrational model of HOONO based on
an accurate CCSD(T) potential surface. We find that explicit inclusion of HOON torsion and
OH-stretch coupling and quantum yield effects allows us to assign the overtone spectrum and
capture the essential vibrational physics.
2) Jahn-Teller Effect in the Nitrate Radical N0 3. The nitrate radical is one of
the dominant oxidizing species in the night-time atmosphere. The ground state is now known
to be the X 2A2 state with D3h symmetry, but its two lowest excited states, the bright B 2E' and
the dark A 2E" states, are both subject to the Jahn-Teller Effect. However, prior work on the A and
B states have not provided a complete or conclusive description of the Jahn-Teller interactions.
We have now recorded the complete absorption spectrum of the forbidden A 2E" ~ X 2~'
transition by near-infrared cavity ring down spectroscopy. We observe a series of well-resolved
but semi-irregular bands which extend from 6700 cm- I to beyond 11,000 cm- I . We find clear
evidence of strong Jahn-Teller interactions in the A2E" state, including distorted geometries
(in some modes). Modeling based on ab initio EOMIP calculations by Stanton et al. indicate
that simple linear/quadratic Jahn-Teller coupling is inadequate, and demonstrate the importance
of cubic and quartic Jahn-Teller interactions. These spectra provide the first quantitative tests
of vibronic coupling in N0 3 and should be important benchmarks for theories treating strong,
higher order Jahn-Teller interactions.
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Radical anions and electron driven chemistry in the gas phase
Michael Allan

Department ofChemistry, University ofFribourg, Fribourg, Switzerland

Electron-molecule collision experiments are a versatile means to study radical anions in
the gas phase. The radical anions reached in these experiments are resonances, quasi-discrete

of ozone
bjects: 1)
ction OH
py of the

states coupled to the continuum of the molecule and a free electron. Their lifetimes are short,
generally of the order of 10. 14 -1 0·16 S, but despite the short lifetime they increase the cross section
(rate) ofelectron-induced excitation and reactions by many orders of magnitude. They thus play
a decisive role in both natural and technological plasmas.
Recent interest was oriented to anions where the electron is weakly bound in a spatially diffuse

combine
itric acid

orbital by a dipole or polarizability potential for a certain range of internuclear distances, and
unbound otherwise. Such potential curves (surfaces) lead to Vibrational Feshbach Resonances
(VFR) [1] in molecules like the halogen hydrides [2], but interestingly also in the apolar

:lOONO

molecules N 20 and CO 2 [3], where the theoretical description is very intricate [4]. Interesting is

:dictions

also the role ofVFR in the excitation of Fermi-coupled vibrations [5]. The dipole-bound states

JOONO

are often intertwined with the valence states of the anion, for example in nitromethane.
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The electron collision studies are often complementary to the studies of bound negative
ions by anion photoelectron spectroscopy or Rydberg electron transfer. Often the ground
vibrational state of an anion is bound; excited vibrational levels are resonances in the above
sense. Interesting phenomena are also encountered in electron collisions with a free radical, for
example NO [6].
References
[1] H. Hotop, M.-W. Ruf, M. Allan, I. I. Fabrikant, Adv. At. Mol. Opt. Phys. 49, 85 (2003).

[2] M. Cizek, J. Horacek, M. Allan, A-Ch. Sergenton, D. Popovic, W. Domcke, T. Leininger
and F. X. Gadea, Phys. Rev. A 63,062710 (2001).
[3] M. Allan, J Phys. B 35, L387 (2002).
[4] W. Vanroose, Z. Zhang, C.W. McCurdy, and T. N. Rescigno, Phys. Rev. Lett. 92, 053201
(2004).

[5] M. Allan, Phys. Rev. Lett. 87, 033201 (2001).

[6] M. Allan, Phys. Rev. Lett. 93, 063201 (2004).
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Three-Body Dissociation Dynamics of H3 and its Isotopomers
Robert E. Continetti
Department o/Chemistry and Biochemisl1y, University o/California, San Diego
9500 Gilman Drive, La Jolla, CA 92093-0340
The two and three-body dissociation dynamics of the low-lying Rydberg states of H3
are governed by the interaction of the dissociative 2p 2E' state with the higher lying metastable
states. This degenerate dissociative state Jaho-Teller distorts into upper and lower repulsive
sheets as the nuclei are distorted from D 3h symmetry, corresponding to the three- and two-body
dissociation limits respective}y, yielding 3H atoms or H

+ H2 in their ground electronic states.

We have studied the dynamics of these states formed by dissociative charge exchange and are
currently extending these studies to the dissociative recombination of H3 ~ and free electrons.
To examine the three-body dissociation dynamics of the three-lowest Rydberg states
of H3, we have prepared these states by charge-exchange of H3 + with cesium. Translational
spectroscopy of three-body dissociative charge exchange products of fast (3-12 keY) H3+,
D/,

D2H~

and HD/ with Cs have been performed. Production of the cations in a supersonic

expansion yields a rotationally and vibrationally cold source ofH3 + and the isotopomers. A well
resolved kinetic energy release spectrum was obtained, allowing the three-body dissociation
dynamics of the three lowest Rydberg states to be obtained.
The momentum partitioning among the three H atoms provides a measure ofthe nuclear
configuration at the point of dissociation for the 2s 2A/, 2p 2A/, and 3p 2E' states for H)" The
data for H3 reveals that the 2s 2A/ state undergoes three-body dissociation by a C2V distortion
towards a linear configuration. The 2p 2A 2 " rotationally couples to the dissociative ground state
largely preserving the initial symmetric configuration, leading to nearly equal momenta among
the products. The most complex dynamics are observed from the 3p 2E' state where totally
symmetric and asymmetric features are observed with almost equal probability. This may be
interpreted as capturing the Jaho-Teller distortion the nascent 3p 2E' state undergoes. D3 exhibits
subtle dynamical differences compared to H3 as a result of the difference in the zero-point
energy. For example, the 2p 2A/, state shows a higher probability for dissociation away from
the totally symmetric geometry. New studies of the mixed isotopomers will also be presented.
This data provides valuable information for the development and evaluation of future theoretical
models involving the H3 potential energy surface.
Studies of the dissociative recombination of free electrons with H3 + are now underway.
A trochoidal monochromator has been constructed, allowing merged beam studies ofdissociative
recombination dynamics. Progress on these studies will be reviewed. This work is supported by
AFOSR grant FA9550-04-1-0035.

42

'0

es of H3
:tastable

::pulsive

POSTER SESSION A

vo-body

estates.
and are

trons.

g states

lational

V) H/,
ersOlllC

Awell-

Iciation

lUclear
The
tortion

3"

d state

wong

totally

lay be

rnibits
,-point

rfrom

ented.

ietical
rway.

iative
ed by

Monday 20:00 - 21 :30

POSTER SESSION
High resolution spett;Jscopy of propadienylidene C3H2
E. Achkasova, M.Araki, A. Denisov, and J. P. Maier

Department ofChemistry, University ofBasel, Klingelbergstrasse 80, CH-4056 Basel,
Switzerland
Cumulene carbenes H 2C(= C)n are of interest to many chemical research areas such
as combustion chemistry, astrophysics.
The rotationally resolved electronic spectra of the vibrational bands in the forbidden

A IA2 _Xl Al

transition of the cumulene carbene C3H2 have been observed in the gas

phase by cavity ring down spectroscopy (CRDS) through a supersonic planar plasma with
allene precursor. The detected, due to vibrational electronic interaction, band in the
16223 cm- I region is assigned to a combination of al and b2 vibrations with the frequency
around 2250 cm- I. Arlother vibronic band, observed in the 15810 cm- I region, has
an unusual rotational structure i.e. absence of the Ka=O-I subband. It is assigned to
a combination of al and b l vibrations with the frequency around 1850 cm- I, which
"borrow" intensity from the near lying IBI state, due to a-type Coriolis coupling.
A rotational analysis using a conventional Hamiltonian for an asymmetric top molecule
yields accurate molecular constants for the vibrational excited levels of the

A IA2 state,

which were used for determination of molecular structure of propadienylidene.
The stronger jj IBI

-X IAI transitions of the C3H2, measured in the Ar matrix in

the 403-715 run range, have not been detected by using high resolution CRDS method.
The reason for this is the short lifetime oftbe 'BI state, which leads to line broadening.
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Production of hydrocarbon radicals from ethylene photolysis.

Koutayba Alnama, Severine Boye-Peronne, Stephane Douin, Fabrizio Innocenti",
Anne-Lise Roche, Niloufar Shafizadeh, Lucia Zuin·, and Dolores Gauyacq

Laboratoire de Photophysique Mo!eculaire, CNRS UPR 3361, Bdt. 210, Universite de Paris
Sud, 91405 Orsay Cedex, France
·Department o/Chemistry, University o/Southampton, Highfield, Southampton S017 IBJ, UK

obs(

abs(
Dissociation pathways foUowing photolysis of ethylene C 2H4 in the 6.2-24.8 eV

rota

energy range by synchrotron radiation, and leading to excited fragment production, have

pro(

been investigated at Super-ACO, on the SU5 and SA63 beamlines. The dispersed visible

mol

fluorescence of the products (CH, C 2H, C2, H) has been recorded for a large range of excitation
energies, allowing for the determination of experimental energy thresholds for the different

inte

pathways involving different internal state energies of the fragments. It is found that C2H( A)

den

radical is the dominant fragment emitting in the visible range. It is formed with a considerable
amount of vibrational excitation energy, as was reported in the photodissociation of acetylene

trar

C2H2 previously studied in our group. From the dissociation threshold measurements, several
barrierless processes are evidenced. In particular, the excited CH·(A or B) radical is formed
via an intermediate isomer, ethylidene HCCH3 , with no excess energy. More surprisingly, all
channels involving one H2 molecular elimination are observed without any barrier, unlike the
dissociation processes occurring on the ground state potential energy surface (PES) of C2H4 .
Most probably, this observation originates from an easier relaxation of the excited state into
pyramidalized states.
Recent results on ns, np and nd Rydberg states of ethylene from n = 3 to 6 have been
obtained in the laboratory via laser REM PI -PES experiments (Resonantly Enhanced Multiphoton
Ionization-PhotoElectron Spectroscopy). They complete the description of excited ethylene in
the energy region around the first ionization potential (i.e. 10.5 eV).
1.1. O'Reilly, S. Douin, S. Boye, N. Shafizadeh and D. Gauyacq, 1. Chern. Phys., 2003.
119(2): p. 820-826.

Til
Ld

an ,

2. K. AlDama, S. Boye, S. Douin, F. Innocenti, 1. O'Reilly, A.-L. Roche, N. Shafizadeh, L. Zuin,
and D. Gauyacq, Phys.Chem.Chem.Phys. 6 (2004); 2093-2100.
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Electronic absorption spectrum of a nonlinear carbon chain: trans-C 6H 4+
Mitsunori Araki, Tomasz Motylewski, Przemyslaw Kolek and John P. Maier

Department of Chemistry, University of Basel,
Klingelbergstrasse 80, CH-4056 Basel, Switzerland
)aris
The 2Bg_X 2Au transition of a nonlinear carbon chain trans-CuH/, and trans-C6D/, has been
~J,

UK

observed in the gas phase [1]. The spectra were detected in the 580 nm region by direct
absorption with a cavity ringdown technique through a supersonic planar discharge. Though the

·.8 eV

rotational structure is not resolved, the band profiles were analyzed using a "total spectral fitting"

, have

procedure using ground state constants calculated by the CASSCF and CASPT2 methods. The

visible

molecular constants in the upper state could thus be determined.

itation

The optical spectrum obtained for trans-C6J--4+ allows a comparison with the diffuse

fferent

interstellar bands (DIBs). It does not fit the DIB absorptions, and an upper limit for the column
density for trans-CJ-l4+ in diffuse clouds was estimated to be 5 x lOll cm· 2.
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Fig. 1 Electronic absorption spectrum of

Fig. 2 Calculated molecular structure (in

:nem

trans-C6H/ (upper trace)

by

and degree) in the ground state of trans

cavity ringdown through a slit jet discharge.

C6H4+ using CASSCF/cc-p VTZ assuming a

The simulated spectrum is a middle trace.

C 2h symmetry. The horizontal and vertical

Lower trace is the difference between upper

dotted lines indicate the a- and b-axes.

2003.

luin,

measured

and lower.
[I] Araki et al., Phys. Chern. Chern. Phys., 7, 2138-2141 (2005).
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Lifetime measurements of the A2ll, B2l:+, C2ll and D2l:+ states
of CaBr and Cal
C. Bahrini*, F. Auge**, 1. Rostas'" and G . Taieb'"

*Laboratoire de Spectroscopie Atomique, Moleculaire et Applications, Universite El Manar,
Tunis, Tunisie
**Laboratoire d'Optique Appliquee, ENSTA, Palaiseau, France
***Laboratoire de Photophysique Mo!eculaire du CNRS, Universite de Paris Xl,
Orsay, France

..

The lifetimes oftheA Il, B2L+, C 2Il and D2L+ states of the CaBr and Cal radicals have been
measured directly from the rate offluorescence decay with time using an appropriate pulsed dye
laser as an excitation source.
The measured lifetimes in nanoseconds are:
2

A 2Il I12
CaBr

36.3 ± 2.2

A2Il3/2
34.1 ± 2.S

Cal

42.9 ± 2.0

43.9 ± 2.1

B 2P

~~:j ~ i8
Sl.O±3.1

2
C Ill12
38.2 ± 0.4
SO.S ± 1.S

C2Il312
39.1 ± 0.4

D2L+
21.0 ± 2.6

~l~:~

Measurements for v=O-2 have been carried out for the A state of CaBr, showing a slight
v-dependence of the A state radiative lifetime. The Cal D state lifetime was to short to be
measured, and only an upper limit could be detennined. This is consistent with a predissociation
of the D state which has been already invoked to explain the anomalous structure of the D-X
spectrum [1].
Experimental electronic transition moments have been derived from the measured lifetimes.
They will be compared with those obtained previously by other groups [2] for other members
of the MX series (CaF, CaCl, SrX, BaX), on the basis of those predicted either by ab initio
calculations or the ligand field model [3]
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[1] J

[Il E. Casero-Junquera, PhD thesis, Universite de Paris-Sud, Orsay (1996)
{2l p.1. Dagdigian, H. W. Cruse, R.N. Zare, 1. Chern. Phys. 60 (1974) 2330; A. Derkatch, C. Lundevall, L.-E. Berg,
P. Royen, Chern. Phys. Lett. 332 (2000) 278 and references therein.

{3l s.F. Rice, H. Martin, R. W. Field. J. Chern. Phys. 82 (1985) 5023; A.R. Allouche, G. Wannous, M Aubert
Frecon, Chern. Phys. 170 (1993) 11.
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Magnetic trapping of cold neutral molecules
Joost M. Bakker l , Michael Sto1l 2 , Gerard Meijer and Achim Peters l

Manar,
I Department for

Quantum Optics and Metrology, Humboldt-Universitiit zu Berlin, Berlin, Germany
2 Fritz-Haber-Institut der Max-Planck-GeselischaJt, Berlin, Germany
email: jmbakker@physik.hu-berlin.de
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IYL+

21.0 ± 2.6

~l~:~
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"etimes.
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b initio

The buffer gas loading and subsequent magnetic trapping of neutral molecules is a powerful
tool for it provides samples of cold molecules with the highest densities known, while being
applicable to a great variety of paramagnetic species [I].
Such dense samples of ultracold molecules can form a starting point for the performance
of a large variety of experiments. Among these are the formation of a molecular quantum gas,
ultra-high resolution spectroscopic measurements to test fundamental physics and the study of
interactions between ultracold molecules.
In this project we aim to create dense samples of neutral paramagnetic molecules by means
ofbuffer-gas loading and trapping inside a superconducting quadrupole magnet using a 3He-4Re
dilution refrigerator. Introduction of the particles into the experimental cell can be done by means
of ablation of a solid target or by capillary injection.
We report on the progress of the experiment and present preliminary data on the injection,
subsequent thermalization and trapping of atomic Chromium. We also discuss the perspectives
for cooling and trapping of O 2 , OR and NH radicals and present results from precursor experi
ments on these systems.
[I] J. D. Weinstein, R. deCarvalho, T. Guillet, B. Friedrich, and J. M. Doyle, Nature 395, 148 (I 998).
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Laser Spectroscopic Studies of Rhodium Species:
RhSi, RhP, RhS and RhCl
Walter J. Balfour l, Runhua Lil, Allan G. Adam2 and Scott A. Shepard2
I

Gas ]

D

Department of Chemistry, University of Victoria, Victoria,
British Columbia, V8W 3P6 Canada

Distonic

2Department otChemistry and the Centre Jar Laser, Atomic and Molecular Sciences,

radical a

University ofNew Brunswick, Fredericton NB, E3B 5A2 Canada

negative

mlz Ill :
Diatomic species formed between rhodium and the 3p ligands Si, P, Sand Cl have been
studied by laser induced fluorescence spectroscopy in supersonic molecular beams, following
reaction by laser-vaporized rhodium atoms with, respectively, SiH4 , PH3 , CS2 and CHCl 3 doped
in helium. Spectra have been surveyed between 420 and 700 nm. For RhSi, RhP and RhCl
the spectra are strong and rich in detail; for RhS only a few bands of moderate intensity have
been found. Wherever possible, dispersed fluorescence measurements have been made. The
electronic, vibrational and rotational data collected reveal strong parallels with observations
made for the 2p analogue species RhC, RhN, RhO and RhF. The ground state symmetries are
2L+

(RhSi),

I~+

(RhP), 4L -(case a) (RhS) and 3IIj (RhCl). In the case of RhCI there is also an

n = 3 state in close proximity to the ground state.

Electronic structure and bonding trends in

this family of free radicals may be understood in terms of how the electronegativities of the
various ligand atoms influence the relative energies of the valence molecular orbitals.
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[1] H. .
of Mas
[2] D.
[3] J.
(2000)
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Charge-Tagged Peroxyl Radicals?
Gas Phase Reactions of Distonic Radical Anions with Molecular Oxygen
Stephen 1. Blanksby

Department o/Chemistry, University o/Wollongong, Wollongong NSW, Australia
Distonic radical ions have previously been shown to be useful models for the investigation of
radical and diradical reactivity in the gas phase [1]. In the present study we have shown that

"

negative ion electro spray ionisation of 1,3-adamantane dicarboxylic acid produces a dianion at
mlz 111 as shown in Figure 1. Collision induced dissociation (CID) of this dicarboxylate dianion

: been

in a tandem mass spectrometer resulted in formation of an ion at mlz 178 via loss of carbon

)wing

dioxide and an electron by analogy with previous studies [2]. The structure of the radical anion

loped

formed from this process was probed by CID as well as ab initio calculation, both of which

RhCl

suggest the distonic radical anion structure shown in Figure 1. When this ion was isolated in an

have

ion trap mass spectrometer, a facile reaction with background air was observed that resulted in the

The

formation of an adduct ion at mlz 210. This observation is attributed to the addition of dioxygen

.tions

and the formation of a distonic peroxyl radical anion. The structural assignment is supported by

:s are

the CrD spectrum that shows a characteristic loss of 17 Da suggestive of dissociation via loss of

an

a hydroxyl radical: a unimolecular process typical of alkyl peroxyl radicals [3]. This technique

dsin

provides a new method for the investigation of the reactivity of isolated alkyl peroxyl radicals

fthe

in the gas phase.

;0
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[1] H. 1. Kenttarnaa, Ion-Molecule Reactions o/Distonic Radical Cations in The Encyclopedia
of Mass Spectrometry, Volume 4, Ed. N. M. M. Nibbering, Elsevier Amsterdam 2005.
[2] D. R. Reed, M. Hare, and S. R. Kass. J. Am. Chem. Soc. 122, 10689 (2000).
[3] 1. C. Rienstra-Kiracofe, W. D. Allen, and H. F. Schaefer III, J. Phys. Chem. 104, 9823
(2000).
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Gas-phase electronic spectra of C 14 , C I8 and C 22 rings

D

Andrey E. Boguslavskiy, Hongbin Ding, and John P. Maier
Department of Chemistry, University of Basel,
Klingelbergstrasse 80, CH-4056 Basel, Switzerland.

The electronic spectra of C I4 , C I8 and C 22 in the 15150-36900 cm- I range have been
detected in the gas phase by a mass selective resonant two-color two-photon ionization
technique coupled to a laser ablation source. The spectra were assigned to several elec
tronic transition systems of mono cyclic cumulenic isomers with a

D9h

symmetry for C I8

and DUh for C22 , based on time-dependent-density-functional calculations and reactivity
with respect to H2 • The best cooling conditions were achieved with Kr as the buffer gas,
and the origin of the ;PA~

f-

Xl A~ transition of C I8 at 592.89 nm shows a pair of 1 cm- I

Tt

chemi<
Kineti(

temper
attracti
VI<
import

The next electronic transitions exhibited much broader

with 0
supers(

"-' 30 cm- I (in the visible) to 200 cm- 1 (in ultraviolet range) features. The spectrum of

(c) of (

C22 exhibits an absorption pattern similar to C I8 , except that the narrow features to the

anguJa:

broad bands spaced by 1.5 cm-

I

.

red are missing; the oscillator strength of the

A

f-

X transition is predicted to be low.

In contrast, an absorption of C I4 was found only in the 18000-22000 cm- 1 region and

(Ec-4-:
the bra

and tra:

has a different pattern which may indicate a structural change upon the decrease of the

inform

size of doubly aromatic ring.

previOl
mole

produ

[1] P.
[3] L. I
[3] R.

[1] A.E. Boguslavskiy, H. Ding, and J.P. Maier, J. Chern. Phys. 123, 034305 (2005).
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Crossed beam studies of the Cep) + CzH z reaction:
Dynamics of l,c-C 3 H + Hand C 3 + Hz formation and branching ratio
A.Bergeat,' F. Leonori, E. Segoloni, N. Balucani, and P. Casavecchia
Dipartimento di Chimica, Universita di Perugia, 06123 Perugia, Italy
ILPCM, UMR5803, Universite Bordeaux I, 33405 Talence Cedex France

e been

.zation

The reactions of ground-state carbon atoms with unsaturated hydrocarbons are of basic

J elec

chemical interest and ofgreat relevance in areas which range from combustion to astrochemistry.
Kinetic studies found them very fast (k ~ 2-4x 10- 10 cm3 molecule-I S-I) down to very low

or C l8

temperature (15 K) and suggested that these are barrierless reactions dominated by long range

ctivity

attractive forces and that may have a critical role in the chemistry of the ISM.

~r

gas,

Lcm- 1

We report on the investigation of the dynamics of the prototypical and perhaps most
important C reaction, CrP)+acetylene, by using the crossed molecular beam scattering technique
with mass-spectrometric detection. We exploit the capability (a) of generating continuous

roader

supersonic beams ofC atoms, (b) of crossing the reactant beams at variable angles (45-135°), and

·um of

(c) of detecting the products by "soft" electron-ionization [1]. From measurements of product

to the

angular and velocity distributions at different masses in a wide range of collision energies

low.

(Ec-4-50 kllmol), we have identified the primary products (/-,c-C 3H+H and C3+H), determined

mand

the branching ratios of the C 3H and C3 forming channels, derived their center-of-mass angular
and translational energy distributions, characterized the reaction micromechanisms, and obtained

of the

information on the potential energy surfaces (PESs). These studies extend significantly our
previous investigation at E c=29.3 kllmol [2]. Remarkable results are: (a) the spin-forbidden
molecular pathway leading to C3(XILg+)+H2(XILg+) increases in importance with decreasing
Ec; (b) the scattering of the C3H product varies from backward to forward, with respect to the
incoming C atom, with increasing E c ' reflecting the different dynamics of linear and cyclic C3H
product formation; (c) the first experimental estimate of the ionization energy (I.E.) of i-,c-C 3H
radicals is also obtained (the experimental I.E. compare well with theoretical predictions [3]).
[1] P. Casavecchia et ai., J Phys. Chern. A 109,3527 (2005).
[3] L. Cartechini et ai., J Chern. Phys. 116,5603 (2002).
[3] R. K. Chaudhuri, S. Majumder, K. F. Freed, J Chern. Phys. 112,9301 (2000).
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Photodissociation Dynamics of the Allyl Radical after Electronic
Excitation to the A [2B11, and C [2BI1 States
IChe
Luca Castiglioni, Andreas Bach and Peter Chen

Laboratoriumfor Organische Chemie, Swiss Federal Institute ofTechnology,

3

ETH Ziirich, Switzerland

The~

After electronic excitation of allyl radicals to selected rovibronic states, rapid decay through
conical intersections leads to hot ground state radicals in both low and high J-states, which

even at

eventually dissociate to hydrogen and C 3H 4 • Time resolved photoionisation of the hydrogen

the radi i

atom product from allyl radical dissociation provides infonnation on the unimolecular

rnolecul

dissociation dynamics [1]. Whereas the partially rotationally resolved C-state allows probing of

number

centrifugal effects at 115 kcaVmol energy, the much lower lying A -state allows measurements

with on

of the dissociation dynamics at 70 kcallmol, close to the dissociation threshold energy of

the bani

60 kcaVmol.

subbanl

We aiso report the first observation of the A PBJ ~ X [2~] band system between 380 and

VI'

Ab:

t

420 run in a supersonic jet expansion. Due to the low absorption cross section and short life

bands

time of the A-state, it cannot be directly observed via absorption or REMPI spectroscopy, but

their su

by action spectroscopy of the hydrogen atom photoproduct.

v 4 • Abs
The

state. I
[1] L. Castiglioni, A. Bach, P. Chen, J. Phys. Chern. A, 109,962 (2005)
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High Resolution Spectrum of CH3 0 in the CH Stretch Region
R. F. Curll , Hongbing ChenI, Shuiming Hu 2 , Jiaxiang Han l and J. M. Brown3
'Chemistry Department and Rice Quantum Institute, Rice University, Houston, TX, USA
lLaboratory ofBond Selective Chemistry, Department ofChemical Physics,
University ofScience and Technology ofChina, Hefei, PRC
3 The Physical and Theoretical Chemistry Laboratory, Department ofChemistry,
Oxford University, UK

hrough

The CH stretching region of the methoxy radical (CH30) exhibits an unusually rich spectrum

which

even at 20 K. It has proved possible to assign over a half dozen bands accounting for many of

drogen

the radical lines in this region. Each band originates from the 2E312 ground vibronic state of the

Ilecular

molecule and consists of several subbands corresponding to different values of the quantum

bing of

number, P. Presumably most of these bands obtain most of their oscillator strength from mixing

ements

with one of the CH stretching fundamentals,

:rgy of

the bands have parallel selection rules as evidenced by the Q-branch intensity patterns of their

VI

(AI synunetry) or v 4 (E synunetry). Two of

subbands and presumably obtain their oscillator strength from the synunetric CH stretch,

80 and

Irt

life

py, but

VI'

Absent mixing with another vibronic state, only one parallel band is expected. The other

bands have perpendicular selection rules as evidenced by the Q-branch intensity patterns of
their subbands and presumably obtain their oscillator strength from the asymmetric CH stretch,
v4• Absent mixing with another vibronic state, only three perpendicular bands are expected.
The two parallel bands have effective A and B values not very different from the ground
state. However, the highest frequency perpendicular bands have anomalously large effective
A values. There is rather wide and sometimes chaotic variation in the effective B values of
the perpendicular bands with the largest effective B -1.03 cm- I and the smallest -0.81 cm- I
(the ground state effective B is 0.93 cm- I ). For the P"=+ 1.5 subbands oftwo ofthe perpendicular
bands, we have been able to assign only one rotational parity set, e parity for one band and f for
the other.
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High Resolution Cavity RingDown
Spectroscopy of Jet-Cooled Free Radicals
Patrick Dupre, Shenghai Wu and Terry A. Mi1ler
The Ohio State University; Department of Chemistry; Columbus Ohio 432JO USA
Reactive intermediates are of crucial importance both for combustion and atmm:pheric
chemiEtryl, 2. For example, peroxy radicals result from the reaction of a hydrocarbon with
OH and with the sul:!sequent oxidation of the hydrocarbon radical. Several yearE ago, we
decided to UEe ambient temperature CRDS to probe the spectroscopy of various radical
intermediates. We EucceEsfully uEed CRDS in the near infrared (N1R: to record the
A ..- X electronic spectra of a number of organic peroxy radicals 3 , 4, thereby avoiding the

I

to inters!

Oneoftl

to low te

trapped i

1

cooled tc

tranEition in the UV5 . However, the

and injel

rotational congestion limited the spectroscopic analYEes and temperatures comparable to

then exc:

those in a supersonic ~et expansion are needed to resolve the rotational structure.
In an effort to obtain Euch rotationally resolved spectra, we are building a new spec

para-Cl

difficultieE of the diEsociative nature of the

B ..- X

trometer baEed on a high resolution (Fourier Transform limited) high energy laEer Eource

trap, rna!

1

(7-20 MHz, HWHM), a Raman shifter, a plasma diEcharge in a supersonic slit-~et ex

been col

panEion and CRDS detection. Preliminary resultE will be preEented demonEtrating the

of para-I

sensitivity (rv 40ppb/cm) of the inEtrument as well as the rotational cooling obtained

cornpari!

(Trot rv 15 - 30 K) and the radical production. ThiE includeE the detection of OH (from
the diEsociation of H20) : of the highly forbidden tranEition of O 2 (a l~g - X 3:E;), and
of the tranEition B 3IIg(Vi = 2) *"""'" A 3:E;( v" = 4) of metaEtal:!Je N2. ExperimentE are
in progress on organic radicals : with a primary target molecule l:!eing the methyl peroxy
(CH 3 0 2 ).

References
[1:

M..l PiJ]ing. Law-temperature combustian and autaignitian. In M.A.D. Phil R.G. Camptan
and G. Hancock; editarE; ChEmical Kinetics, valume 35. Elsevier, AmEterdam, 1997.

[2: P.D. Lightfoat: R.A. Cox, J.N. Crawley, M. Destriau, G.D. Hayman, M.E ..Jenkin; G.K.
Maortgat, and F. Zabel Organic peroxy radicaJE: kineticE Epectroscapy and tropaEpheric
chemistry. Atmos. oo'lJ1ron., 26A:]805-]96] ; 1992.
[3: M.B. PUEhkarEky, S.J. ZalyubovEky; and T.A. MiJ]er. Detectian and characterintion of alkyl
peraxy radicaJE using cavity ringdawn EpectrcEcapy. J. Chern. Phys., ]]2:]0695-]0698, 2000.
[{ S.J. ZalyubavEky, B.G. Glover, T.A. Miller, C. H1ayeE, J.K. Merle, and C.M. Hadad. ObEer
vat ian af the A - X electranic transition cf the 1 - C3H702 and 2 - C3H702 radicals uEing
cavity ringdown spectraEcopy. J. Phys. Chern. A, 109:1308- 1315, 2005.
[5: T.J. Wallingtan; P. Dagaut; and M.J. KuryJc. Ultraviolet absorption cross Eections and
reaction kineticE and mechniEIDE fur peraxy radicals in the gaE phaEe. Chern. Rev.. , 92:667
710, 1992.
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Electronic spectroscopy on cold cations in a 22-pole trap
Anatoly Dzhonson l , Dieter Gedich 2, Evan J. Bieske 3 and J.P. Maier l
JDepartment a/Chemistry, University ofBasel, Klingelbergstrasse 80, 4056 Switzerland
2Fakultiitfor Naturwissenschaften, TU Chemnitz, StrafJe der Nationen 62, 0911 Germany
3Schoolo/Chemistry, University 0/ Melbourne, 3010 Australia.

s

TSA

:pheric

In order to be able to study the electronic spectra of large ions under conditions relevant
to interstellar space an apparatus based on a 22-pole trap was been built and put into operation.

,n with

One ofthe requirements is that the vibrational and rotational degrees offreedom are equilibrated

.go, we

to low temperatures e.g. 10 K. This is achieved in the 22-pole trap by collisional cooling of the

radical

trapped ions with helium gas.

rd the

The first results have now been obtained and show that cations can be trapped and

ng the

cooled to these temperatures. The ions are produced in an electron impact source, mass-selected

:r, the

and injected into the 22-pole trap in a cryogenic environment. The electronic transitions are

thle to

then excited by a tunable laser. In the case of the two ions chosen to test the approach, N 20+ and
para-C6HSI/, the upper state undergoes predissociation. The ions are then extracted from the

. spec
~ource

trap, mass-selected by a further quadrupole and the produced fragment ions are counted .
The rotational structure in the A2L+ ~X 2rr transition of N 20+shows that the ions have

et ex

been coUisionally cooled to the low temperatures. In the case of the B 2B3u ~ X

19 the

of para-C6H4C~ + the vibrational structure in the spectrum shows dramatic improvement in

:ained

comparison with an earlier measurement at ambient temperature.
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A-14
Excited-State Decay of Hydrocarbon Radicals, Investigated by
Femtosecond Time-Resolved Photoionization

T.

Matthias Zierhut l , Bastian Noller l , Thomas Schultz2 and Ingo Fischerl.*
I

Institute o/Physical Chemistry, University o/Wiirzburg, Am Hubland, D-97074 Wiirzburg
2

Max-Born-Institute, Max-Bom-StrafJe 2a, D-12489 Berlin

For most hydrocarbon radicals the primary photophysical processes after optical excitation
are not well understood. The assumption of rapid IC is often solely based on the observation of
broad and unstructured absorption spectra. For several radicals we addressed this issue using
time-resolved pump-probe spectroscopy, which allows the direct observation of the primary
photophysical processes [1].

inve!

the e

deteI
In particular the photochemistry and -physics ofalkyl radicals is unclear. An investigation

of the hydrogen atom loss from ethyl radical (C2H 5) upon excitation into the 2 2A' (3s) state
yielded a rate constant on the order of 107 S-I, more than four orders of magnitude slower than
expected from simple RRKM calculations [2]. In order to investigate whether the discrepancy
between theoretical expectations and experimental observations might be attributed to slow
IC processes, we investigated the dynamics ofthe ethyl 2 2A' state by femtosecond time-resolved
photo ionization and found a lifetime of 20 ±3 fs. Our experiments thus demonstrate that the
discrepancy between expected and observed fragmentation rate can not be explained by a long

of R

photl

to fo
Th

H'
exotJ
3

cont

bep.

lifetime of the optically excited state.

[1] 1
In addition we studied the excited-state dynamics of the radicals propargyl, C3H 3 , and

benzyl,

C7~'

upon UV excitation. For the 3 2BI state of prop argyl we determined a lifetime of

50± 10 fs, for the 4 2B2 state of benzyl a lifetime of 150±30 fs.
[1] M. Zierhut, B. Noller, T. Schultz, and I. Fischer, J Chern. Phys. 122,094302 (2005)
[2] T. Gilbert, T. L. Grebner, I. Fischer, and P. Chen, J Chern. Phys. 110, 5485 (1999)
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Dissociative recombination sulfur-containing interstellar ions
W. D. Geppertl, H. Montaignel, J. Semaniak2, F. OsterdahP, F. Hellberg I , R. D. Thomas I ,

Rau

H. Roberts4, T. J. Millar'" M. afUgglas l , S. Roseni, V. Zhaunerchykl, A. Ehlerding l , M.
Kaminska3, A. AI-Khalili ' , A. Kallberg5 and M. Larsson l

Department ofPhysics, Stockholm University, AlbaNova, SE-106 91 Stockholm, Sweden.
2Institute ofPhysics, Swi~tokrzyska Academy, ul. Swi~tokrzyska 15, PL-25406, Kielce, Poland
3Department ofPhysics, Royal Institute ofTechnology, AlbaNova,
SE-10691 Stockholm, Sweden.
4Astrophysics Group, School ofPhysics and Astronomy, University ofManchester, Sackville St
Building, PO Box 88, Manchester M60 1 QD, UK
5Manne Siegbahn Laboratory, Frescativagen 24, SE-104 05 Stockholm, Sweden
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Branching ratios and absolute cross sections have been measured for the dissociative
recombination of three important interstellar sulfur-containing ions, namely HCS+, COS" and
S02+' The CRYRING ion storage ring located at the Manne Siegbaho Laboratory in Stockholm
has been used for these investigations. In the case of HCS+, fracture of the C-S bond is
predominant (81 %), with the production of H + CS accounting for the remainder (19 %).
With S02 the branching ratio of the SO/ + e- ~ SO + channel amounts to 61%, whilst the
three body break-up SO/ + e' ~ S + 2 accounts for the remaining 39 % of the total reaction.
Concerning COS+, the channel leading to CO + S (83 %) dominates, whereas the other exoergic
pathways leading to CS + (14 %) and C + SO (3 %) are of lesser importance.

°

°

°

The cross section of the reactions could be fitted by the expressions cr = 1.2 xl 0- 15
E-0.96±Q02 cm2, cr = 4.47 X 10- 16 E( eV)' 1.1 4 cm2 and cr = 1.41 X 10-15 E(eV)·1.I1 cm2for HCS+, COS+,
and SO/, respectively. These lead to thermal reaction rates ofk(T) = 9.7 x 10-7(T/300)-0.57 cm3
S·l, 3.5 X 10-7(T/300)-0.62 cm 3 s'l, and 4.6 x 10-7 (T/300)-0.52±Q.02 cm 3 sol for HCS+, COS+ and S02+'
respectively.
The impact of the newly found - and often counter-intuitive - branching ratios on the
predictions of models of different astronorrllcal environments are discussed. For example, we
use these data to investigate the HCS+/CS abundance ratio in dark clouds [I] and obtain that
the models using the UM1ST and Ohio State University databases have even more difficulty in
accounting for the large observed ratio . The rate and branching ratio found for the dissociative
recombination of SO/ is found to be in line with theories that hold this process responsible for
the disappearance of this ion in the ionosphere of Jupiter's satellite 10 during eclipses 2 •
[1] D. TaIbi, A. P. Hickman, F. Pauzat, Y. Ellinger and G. Berthier, Astrophys. 1., 339,231 (1989)
[2J T. J. Clarke, J. Ajello, J. Luhmann, N. Schneider and I. J. Kanik.,1. Geophys. Res. 99, 8387 (1994)
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A High Repetition Rate Cavity Ring Down Spectrometer
Raul Z. Martinez, Markus Metsala, Olavi Vaittinen, Tommi Lantta and Lauri Halonen
Laboratory ofPhysical Chemistry, po. Box 55 (A.I. Virtasen auldo 1), FIN-00014
University ofHelsink, FINLAND.
'1 .

and

Our presentation describes the design and construction of a high repetition rate cavity ring
down spectrometer in the near-infrared. Our setup has the special feature, unlike most cavity
ring down spectroscopy (CRDS) experiments, of being useful for time-resolved detection of

Ie St

unstable species as long as their lifetimes are above a typical ring down time of our cavity
(- 7 I-1s).

The setup is based on the use of a Ti :sapphire continuous wave ring laser and a high
finesse (F-18000 or RIIllITOrs
. -99.98%) Fabry-Perot interferometer. A feedback system that uses
~tive

land

a Pound-Drever-Halliocking scheme has been built to lock the laser frequency to the maximum
of a transmission fringe of the interferometer. The system monitors the frequency excursions

101m

of the laser and introduces appropriate corrections by means of three different servo elements

Id is
%).
t the
tion.

(a galvo plate, a piezo transducer (PZT) attached to one of the laser mirrors and an acousto

~rgiC

optical modulator (AOM)). The residual laser jitter, with respect to the position of the fringe,
has been estimated to be lower than 150 Hz. By changing the length of the interferometer,
to this effect one of the cavity mirrors is mounted on a second PZT, the frequency of the laser
can be scanned.
The main advantage of our system is such that the continuous coupling of light into the

10- 15
OS+,
,cm3

(ring down). Once the decay has been monitored for a few microseconds, the laser is switched

'0
+
) 2'

back on and the system relocks the laser to the cavity and starts again the injection oflight. This

the
:, we
. that
ty in
ative
e for

I}

194)

cavity can be interrupted at will by "switching off" the Jaser with the AOM to initiate a decay

process can be repeated indefinitely and results in exponential decays generated at rates that
are limited only by the ring down/ring up times of the cavity, and that in our case are typically
of 10kHz, a factor of 100 faster than in the usual CRDS experiments.
As additional advantages, the resulting system boasts a narrow linewidth limited only by
the stability of the cavity and also, since the ring downs are externally initiated with a triggering
signal, offers the possibility of synchronizing the generation of ring downs with external events.
This synchronization would pennit the use of our sensitive cavity ring down technique for the
detection of unstable species that, like radicals, can be generated by an operator-triggered event
and for the monitoring of its evolution in time.
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High-resolution measurements of the hyperfine structure and
analysis of the 6snp(J

=

1) Rydberg series of ytterbium

Urs HoHenstein!, Sandro Hannemann 2 , Eric-Jan van Duijn2 , Hans Jakob Worner l ,
\Vim Ubachs 2 and Frederic Merkt l
I

Laboratorium fur Physikalische Chemie, ETH Honggerberg, CH-8093 Zurich,
Switzerland
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Centre, Department of Physics and Astronomy, Vrije Universiteit,
De Boelelaan 1081, 1081 HV Amsterdam, The Netherlands
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High resolution spectra of the 6snp(J = 1) ~ 6s 2 transitions in ytterbium have been

nr

recorded in the range of 49500 cm- l to 50360 cm- l by laser induced fluorescence (LIF)

of

detection. The spectra were measured using the frequency up-converted output of a

qu
fOl
no

tunable, narrow bandwidth Ti:sapphire (Ti:S) oscillator cavity (described in Ref. 1).
With the resolution of 0.005 cm- l the isotopic structure and the hyperfine structure of

th~

Cf

the transitions could be resolved.
The experimental spectra of the strongly perturbed Rydberg series are analysed using
a version of multi-channel quantum defect theory (MQDT) which includes the effect of

be

W"

WI

rOl

nuclear spins [2, 3J.

Perturbations with multiply excited perturbers, which belong to

m~

Rydberg series converging to higher ionisation thresholds [4,5J have been quantified.
Wt1

fOl
lali
ca
inl
th,
sp

mE
M. Sneep, S. Hannemann, E. J. van Duijn and W. Ubachs, Opt. Lett. 2004, 29, 1378.
H. J. Worner, U. HoHenstein and F. Merkt, Phys. Rev. A 2003, 68, 032510.
H. J. Worner, M. Crutter, E. Vliegen and F. Merkt, Phys. Rev. A 2005, 71, 052504.
M. Aymar, A. Debarre and O. Robeaux, 1. Phys. B: Atom. Molec. Phys. 1980, 13,
1089.
[5J M. Aymar, R. J. Champeau, C. Delsart and O. Robeaux, 1. Phys. B: Atom. Molec.
Phys. 1984, 17, 3645.

[1J
[2]
[3J
[4]
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Two-Dimensional Tunneling (Hydrogen Transfer and Internal Rotation)
in the Microwave Spectrum of 2-Metbylmalonaldebyde
Yung-Ching Chou' and Jon T. Hougen 2

Jlnstitute ofAtomic and Molecular Sciences, Academia Sinica, P.o. Box 23-166, Taipei 107,
Taiwan, R.o. C.
20p tical Technology Division, NIST, Gaithersburg, MD 20899-8441, USA
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The molecule 2-methylmalonaldehyde (2-MMA) exists in the gas phase as a six-membered
hydrogen-bonded ring [HO-CH=C(CH3 )-CH=O] with two large amplitude motions, an
intramolecular hydrogen transfer and a methyl torsion. The pure methyl torsion presents
no unusual features, but the act of hydrogen transfer in 2-MMA triggers a rearrangement of
single and double bonds in the ring [1], which then further triggers an internal rotation of the
methyl group [1] at the bottom of the ring by 60° (required to preserve the methyl group's
lowest-energy orientation with respect to the single and double bond arrangement in the
ring). This conformational change of the methyl group in 2-MMA is obviously reminiscent
of conformational changes in biomolecules triggered by a hydrogen transfer.
In 1981 Sanders [2] recorded the microwave (MW) spectrum of 2-MMA to obtain
quantitative information concerning the hydrogen transfer process. In his work, however, the
four tunneling-split sublevels A(+), A(-), E(+), and E(-) of the ground vibrational level were
not simultaneously fitted, and the E species were only poorly fitted, because no appropriate
theory was available at that time. It turns out that the interaction between hydrogen transfer and
CH3 torsion in 2-MMA is similar, from the viewpoint ofmolecular symmetry, to the interaction
between CNH2 inversion and CH3 torsion in methylamine, a molecule whose spectrum
was precisely and globally fitted 20 years ago using a G'2 group-theoretical formalism [3].
We used this same G 12 methylamine formalism to refit Sanders' MW data and obtained
root-mean-square deviations of ~ 0.16 and ~0.1 0 MHz (i.e., obtained fits to experimental
measur~ment error) for 2-MMA-dO and -dl. This represents an improvement by a factor of
10 or more for some of the E levels. Tunneling frequencies obtained directly from the fits, as
well as barrier heights based on plausible guesses for the tunneling paths, will be presented
for the hydrogen-transfer process as well as for the pure internal-rotation motion (the other
large-amplitude motion in the molecule).
Encouraged by these successful fits of 2MMA-dO and d1, a new MW measurement
campaign is planned for 2-MMA-dO to obtain modem measurement precision as wen as
infonnation on the transitions of weak statistical weight (representing half the hnes in
the spectrum), which Sanders did not report. In addition, we hope to investigate by MW
spectroscopy the analogous hydrogen-transfer plus methyl-rotation process in the related ring
molecule 5-methyltropolone.
[1] H. Ushiyama and K. Takatsuka, Angew. Chern. Int. Ed. 44, 1237 (2005).
[2] N. D. Sanders, 1. Mol. Spectrosc. 86, 27 (1981).
[3] N. Ohashi and 1. T. Hougen, J. Mol. Spectrosc. 121,474 (1987).
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New assignments in the lln u _XIL; (405 nm) transition ofC 3
Guiqiu Zhang, Kan-Sen Chen, Wei-Jan Chen, Shaji Sadisavan, Yean-An Liao, Narayanan
Kuthrummal, Gael Rouille, Yen-Chu Hsu, I and Anthony 1 Merer2
lInstitute ofAtomic and Molecular Sciences, Academia Sinica, P.OBox 23-166,
Taipei, Taiwan
2Department a/Chemistry, University ofBritish Columbia, 2036 Main Mall, Vancouver B.C.
V6T 1Z1, Canada
High resolution laser-induced fluorescence spectra of supersonic jet-cooled C3 have
addressed various questions about the All1u state. When the time gating of the fluorescence
detection is set to 800-2300 ns after the preparation of the C3 molecules, a number of extra
lines representing states perturbing the 000 level are observed. Some of these have been
observed previously by McCall et al[l] and Tanabashi et al[2].
Our rotational analysis shows that there are two long-lived perturbing states, which

metals

metaU

interae

c1usteI

state and a P = 1 state with low B value.

the va

Lifetimes have been measured for some of the perturbing rotational levels. Rotational

chemil

appear to be the F I spin component of a

3L~

In
analyses have also been carried out for the 12-1 - 10 1 (0 g

-

L:) and 011 - 011

(~u

- 0 g ) "hot"

bands, which lie nearby. At higher energy, the vibrational assignments of the Ii - X system
given by Smith et al[3] have been extended to 29500 cm- l . The pure bending progressions can
be followed to 0 2T 0 for the lower Born-Oppenheimer component and 0 12- 0 for the upper
component; the vibrational assignments are secure because the degradation of the rotational
structure is very characteristic. Assignments have also been made for the Ov2 and 1v2 upper
state bending progressions. Two further members of the vibronically-induced

L: -L;

component of the A - X system, reported by Izuha and Yarnanouchi[4], have been assigned;
these have upper states 13+1 and 15+1.
[1] BJ. McCall, R.N. Casaes, M. Adimkovics and R.1 Saykally, Chern. Phys. Lett. 374,
583 (2003).
[2] A. Tanabashi, T. Hirao, T. Amano and P.F. Bernath, Ap. 1, 624, 1116(2005).
[3] R.S. Smith, M. Anselment, L.F. DiMauro, 1M. Frye and TJ. Sears, 1 Chern. Phys.
89,2591 (1988).
[4] M. Izuha and K. Yamanouchi, 1 Chern. Phys. 109,1810 (1998).
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Molecular Structure and Bonding in First-Row Transition
Metal Dicarbides
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VM. Rayon, P. Redondo, C. Barrientos, and A. Largo

Departamento de Quimica Fisica y Quimica inorgimica, Facultad de Ciencias,
Universidad de Valladolid, 47005-Valladolid, Spain

t.e.
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A wide variety of materials can be formed from the interaction of carbon with transition

metals, such as metallocarbohedrenes (met-cars), networked metallofullerenes, and endohedral
metallofullerenes. The type of structure formed depends essentially on the nature of the
interaction between the transition metal and carbon. Therefore, theoretical studies ofsmall carbon
clusters containing transition metals might be useful to understand the growth mechanisms of

tlue.

the various metal-carbon nanomaterials, as well as to obtain insight into their physical and

onal

chemical properties.
In this communication we present a theoretical study offirst-row transition metal dicarbides,
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MC 2 , which are obviously the smallest transition metal carbides where a competition between
different isomers can be found . Predictions for different molecular properties, induding
geometries, vibrational frequencies, and dissociation energies are reported. The computational
methods employed in this work are similar to those used in a previous study on second-row
dicarbides [1], which proved very usefuf in order to understand their molecular structure.
Special attention is paid to the competition between linear and cyclic isomers, to the nature
ofthe cyclic isomer (T-shape vs. true ring), as well as to the analysis ofthe different contributions
to the bond energy. A detailed analysis of the main interactions between the molecular orbitals
of the C2 fragment and the transition metal orbitals is carried out.

74,

[I] A. Largo, P. Redondo, and C. Barrientos, J Am. Chern. Soc. 126, 14611 (2004)
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VUV Photophysics of gas-phase nucleobases in the 6-22 eV energy range

P

Sydney Leach', Martin SchwelF, Hans- Werner Jochims 3 and Helmut BaumgiirteP
'LERMA, Observatoire de Meudon, 92195-Meudon,France
:!LISA, Universites Paris 7 et 12, 94010-Creteil, France
3Institutfor Physikalische Chemie, Freie Universitiit, 14195 Berlin, Germany

Using synchrotron radiation as excitation source in the 6-22 eV photon energy region,
a photoionization mass spectrometry study of three nucleic acid bases, adenine, thymine and
uracil, revealed VUV-induced degradation pathways of these important biological molecules
[1]. The fragmentation patterns, ionization energies and ion appearance energies (AE) are

(C61

reported, many for the first time, and are compared with results of electron impact and other

and

studies. AE values enabled heats of formation of parent and some fragment ions to be revised
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or determined for the first time. Thermochemical data, coupled with the observed AEs, were
also useful in clarifying dissociative photoionization pathways. The main neutral loss species
are HCN for adenine, HNCO and CO for thymine and uracil, but many subsequent and other
fragmentation pathways, including previously not suggested are observed and discussed. The
hyperconjugation properties of the methyl group makes CO loss easier in thymine than in
uracil. The astrophysically important fragment ion HCNH+ is shown to be formed by several
fragmentation pathways in all three nucleobases. The relative importance of competitive
fragmentation processes was determined in some cases. Some astrophysical implications
concerning the prospects for observation and survival of these nucleic acid bases in the
interstellar medium and in meteorites are briefly discussed.
[1] H.-W.Jocrnms, M.SchweU, H.Baumgartel and S.Leach, Chem.Phys. 314,263 (2005)
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Photodissociation dynamics of fluorine-containing compounds in the VUV
region
Shih-Huang Lee', Chia-Yan Wu2 , Shen-Kai Yang2 , and Yuan-Pern Lee3

'National Synchrotron Radiation Research Center (NSRRC),Hsinchu 30076, Taiwan
2Department o/Chemistry, National Tsing Hua University, Hsinchu 30013, Taiwan
3Department 0/Applied ChemistJy and Institute
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We investigated the photodissociation dynamics offormyl fluoride (HFCO), fluorobenzene

are

(C6Hl), and ortho fluorotoluene (C7Hl) using the photo fragment translational spectroscopy

ther

and direct VlN photo ionization. The Chemical Dynamics beam line at NSRRC provides enough

Ised

VUV photons for ionization ofphoto fragments. The tunability ofionizing photon energy prevents

vere

from severe dissociative ionization and leads to a success in detecting all photofragments. Three

cles

primary dissociation channels: CO+HF, FCO+H, and HCO+F were observed upon photolysis of

ther

HFCO at 193 nrn; secondary dissociations from internally hot FCO and HCO products were also

The

nm

observed. Two dissociation channels: C6H4 F+H and C 6 H4+HF were observed upon photolysis
of C6H5F at 193 DID and 157 nrn. In addition to elimination of atomic Hand HF, elimination

'eral

of CH3 was also observed upon photolysis of C7~F at 157 nrn. Branching ratios and kinetic

itive

energy distributions of products were determined from measured time-of-flight spectra of all

Ions

fragments. Photo fragments of these three fluorine-containing compounds have nearly isotropic

the

angular distributions. Dissociation dynamics will be discussed in our poster.
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Gaseous Reaction of C6HS + S02 Probed with Time-Resolved Fourier
Transform Spectroscopy: IR Absorption and Kinetics of C 6H sS02
Li-Kang Chu' and Yuan-Pem Lee2,3

'Department ofChemistry, National Tsing Hua University, Hsinchu 30013, Taiwan

')

2Department ofApplied Chemistry, National Chiao Tung University, Hsinchu 30010, Taiwan
3/nstitute ofAtomic and Molecular Sciences, Academia Sinica, Taipei 106, Taiwan

3DepI
C 6H sS0 2 was produced by photolysis of C 6H sS0 2CI at 248 run; its IR absorption was recorded
with a step-scan time-resolved Fourier-transform infrared spectrometer coupled with a multipass
absorption cell. Upon irradiation of a flow mixture of C 6H sS0 2CIJN2 (:=11240, 72 Torr) at 248
run, two transient absorption bands were observed at 1278 and 1088 cm-'. By comparison

molecu

an elect

with harmonic frequencies and IR intensities predicted with B3P86/aug-cc-pVTZ density

an 0('1

functional theory, these bands are assigned as anti-symmetric stretch and symmetric stretch of

excimel

the S02 moiety of C 6H sS0 2, respectively. The distinct contour of R- and P-branches indicates
a predominant b-type transition for the anti-synunetric S02 stretch. The temporal profile of

isotope

C 6H sS0 2 showed a bi-exponential decay with rate coefficients 2.5x 105 s-' and 2.2x 104 s-'.

determi

masses.

The former is similar to that (4.1 x 105 s-') determined for the rise of S02 and is hence ascribed

larger tl

to secondary dissociation ofC 6H sS0 2 to S02. The slow decay rate coefficient is similar to that

product

(1.5x 104 s-') determined for the production ofC 6H sS0 2CI and is attributed to the recombination
reaction ofC6H sS0 2 with Cl.
The reaction ofC6Hs + S02 was also investigated by irradiation of a flow mixture ofC 6H sBr/SO/
N2 (=JIl01l50, 63 Torr) at 248 run; C6HSBr served as a precursor ofC 6H s. In addition to bands
due to C 6H sS0 2, three bands observed at 3607, 1408 and 1203 cm-' were tentatively assigned

the non
was dec
with pr
46N

0

2

In the

I

to O-H stretching, wagging, and C-O stretching modes of C 6H 4 0SOH based on calculations
with B3P86/aug-cc-pVTZ. In the prolonged period, two bands at 1399 and 1186 cm-' gained
intensity and were assigned as the anti-symmetric stretching and symmetric stretching modes
of the S02 moiety of C 6H sS0 2Br. Reaction of C 6Hs with S02 forms C 6 H sS0 2; further reaction
of C 6H 5 S0 2 with Br produces C 6H sS0 2 Br. Formation of C 6H 4 0SOH might be due to a rapid
intramolecular H-abstraction reaction ofC 6H sOSO. The advantage of employing time-resolved
Fourier-transform spectroscopy in absorption mode to monitor simultaneously temporal
behavior of several species is demonstrated.
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Crossed Molecular Beam Studies on Reactions of
OeD) + N2 0 and F2 + CH3 SCH3
Yu-Ju Lu 1.2, Chi-Wei Liang ' , Yuan T Lee ' ·2 and Jim 1. Lin ' ·3

m

'Institute ofAtomic and Molecular Sciences, Academia Sinica, Taipei, Taiwan 106
2Department ofChemistry, National Taiwan University, Taipei, Taiwan 106
3Department ofApplied Chemistry, National Chiao Tung University, Hsinchu, Taiwan 300
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The title reactions have been studied in single collision conditions by the crossed

48

molecular beam method. Nascent reaction products were detected by a universal detector with

,on

ity

an electron impact ionizer located in ultrahigh vacuum_ In the study of O('D) + N 20 reaction,
an O('D) beam was generated by photolyzing an 02 molecular beam at 157.6nm by a F2

of

excimer laser. Both NO + NO product channel and 02 + N2 product channel were detected. An

tes

isotope labeled '80('D) beam was used to distinguish the new 32N0 from the old 30NO by their

of

masses_ The translational energy distributions and angular distributions of both channels were

S-I

determined. The fraction of the translational energy release of 02 + N2 channel is significantly

led

larger than that of NO + NO channel. Forward angular distributions were observed for both

hat

product channels, suggesting the contributions from collisions of large impact parameters and

Ion

the nonexistence of a long-lived intermediate_ The branching ratio of the two product channels
was deduced from the relative signal intensities in the center-of-mass frame, which is consistent

pi

with previous studies. We also searched for the isotope exchange channel, IBOC'D) + 44N20

~

~ds

46N20 + 160('DPP), but we found that this channel is either not existing or extremely small.

led

In the crossed molecular beam experiment of F2 + CH3SCH3, we have detected signals from

I

~ns

reactive scattering at mlz

=

80 amu. It may be a surprise that the reaction cross section of the

led

two closed shell molecules is large enough to have significant signals in the crossed molecular

:les

beam condition_ HF + CH3SCHl was tentatively assigned as the primary product channel.

Ion

The observed angular distribution is predominately forward_ The determination of the absolute

pid

reaction cross section is in progress_
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High resolution laser spectroscopy of strontium monomethoxide.
W. S. Hopkins, A. G. Read, C. Linton, A. G. Adam, 1. G. Crouse, L. E. Downie, and
D. W. Tokaryk

Centre/or Laser, Atomic and Molecular Sciences,
Physics and Chemistry Departments,
University ofNew Brunswick, Fredericton, NB, Canada

Visible laser excitation spectra of the B2A/_X 2A r . A2EI/2-XZA/ and A2E3/1-XZA/
transitions of four isotopic species of strontium monomethoxide, SrOCH3, have now been

con

recorded. By examining the effect of isotopic substitution on the spectra, we hope to determine

resc

line

the structural parameters in the ground and excited states, and examine how the molecular
structure changes on excitation. The radicals were produced in a laser ablation apparatus using

foll_

a 1.5 % mixture of 12CH30H, 13CH30H, 12CD30D and 13CD30D entrained in helium, and high
resolution spectra were recorded using a CR 699 autos can dye ring laser. The analysis used an

jet {

effective Hamiltonian given in the literature. The work is presently in progress and the results

and

of the analysis win be presented.
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Electronic spectra of CrH and CrD; extension of the A6L + and identification of the B6rr state

X6 L +

system,

P.K. Chowdhury I , A.J. Merer l and S.J. Rixon l ,2

IDepartment ofChemis ny, University ofBritish Columbia, 2036 Main Mall, Vancouver, B.C
V6T 1Z1, Canada
2Department ofPhysics and Astronomy, University ofBritish Columbia, 6224 Agricultural
Road, Vancouver, B.C V6T 1Z1, Canada
The A 6I+ - X6I+ electronic transition of CrH, in the 600-900 run region, is a known

lA

I

constituent of the spectra of sunspots [1] and "brown dwarf' (very cool) stars [2]. Accurate

~en

line positions for the (0,0) and (1,0) bands of both CrH and CrD have been determined by high

me

resolution Fourier transform spectroscopy [3].

tar

In the present work CrH and CrD have been observed by laser-induced fluorescence

lllg

igh

following the reaction of laser-ablated Cr atoms with methanol and methanol-d 4 under free
jet expansion conditions. The positions of the low-N lines of the A-X (I ,0) band of CrH have

an

been clarified, and rotational analyses have been carried out for the first time for the A-X (2,0)

llts

and (3,0) bands of the two isotopomers. Al1 the upper state vibrational levels are perturbed,
particularly so for CrH. It was recognised by Ram and Bernath [3] that the principal perturbing
state is a 4I+ state, which lies about 350 cm- l below A 6I+. We find that the higher vibrational
levels in CrH are also perturbed by a 6rr state, here designated B 6rr; this state lies near
12850 cm- l , close to theA6I+, v;::;;1 level. The B-X transition is at least a factor of five weaker
than the A-X transition, so that only partial rotational analysis has so far been possible, even
though in CrD the A 6I+ and B 6rr bands are fairly well separated.
[]] O. Engvold, H. Woehl and J. Brault, Astron. & Astrophys. S 42, 209 (1980).
[2] J.D. Kirkpatrick, P. Allard, T. Bida, B. Zuckerman, E.E. Berklin, G. Chabrier and 1. Baraffe,

Astrophys. J 519, 802 and 834 (1999).
[3] R.S. Ram, C.N. Jarman and P.P' Bernath, J Mol. Spectrosc. 161,445 (1993); R.S. Ram and
P.P' Bernath,J Mol. Spectrosc. 172,91 (1995); C.W. Bauschlicher, Jr., R.S. Ram, P.P' Bernath,
C.G. Parsons and D. Galehouse, J Chem. Phys. 115, 1312 (2001).
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Geometric and electronic structure characterization of transition metal
coordination complexes by gas-phase infrared spectroscopy
Jos 00mens1, David T. Moore l , Gert von Helden2 , Gerard Meijer, Robert C. Dunbail

FOM Institute for Plasma Physics "Rijnhuizen ", Nieuwegein, The Netherlands
Fritz-Haber-Institut der Max-Planck-GesellschaJt, Berlin, Germany
Case Western Reserve University, Cleveland, OH, USA
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Transition metal centers coordinated to organic ligands are of key importance in many
catalytic and enzymatic reactions, which are governed by their geometric and electronic structures.
These are in turn determined by the detailed interaction between the partly filled d-orbitals on
the metal and the ligand field. Characterization of these structures based on computations alone
can be very difficult: different electronegative binding sites, such as N, 0, and S atoms and
aromatic rings, may provide very similar binding energies to the transition metal ion; moreover,
comparing binding energies on different electronic surfaces is inherently inaccurate using DFT
methods. Experimentally, several mass spectrometric as wen as spectroscopic methods have been
applied to elucidate complex structures. We show that infrared spectra of ionic transition metal
complexes, combined with DFT calculated spectra, can give very unambiguous information on
their geometric and electronic structures [1,2].
Complexes of Cr+ (3d5) and several functionalized aromatics have been studied using
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infrared photodissociation spectroscopy in a Fourier Transform mass spectrometer. Using
a widely tunable free electron laser, spectra are recorded in the mid-IR range between 600

[1]1

and 1800 cm- I , where several highly diagnostic modes of the complexes are found. The

[2]]

ligands studied provide a choice of two binding sites, the 1t-cloud on the aromatic ring or an

Hen.

electronegative hetero-atom, and in all cases the binding site can be unambiguously determined.
For ring-bound bis-complexes, it was generally found that the ligand field stabilization energy
is sufficient to induce spin promotion of the Cr+ center from the sextet ground state to the lowest
doublet electronic state. For the O-bound bis-complex of acetophenone, as well as for all mono
complexes, spin promotion is not observed. These results are further compared to other first
row transition metals.
[1] l. Oomens, D.T. Moore, G. von Heiden, G. Meijer, R.C. Dunbar, JACS 126,724 (2004)

[2] D.T. Moore, 1. Oomens, l.R. Eyler, G. von Heiden, G. Meijer, R.C. Dunbar, JACS 127, 7243
(2005)
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Infrared photodissociation spectroscopy of gas-phase ionic species
Jos Oomensl, Nick Polfer l , David T. Moore l , Gert von Helden 2 , Gerard Meijer2

IFOM Institute/or Plasma Physics "Rijnhuizen", Nieuwegein, The Netherlands
lFritz-Haber-Institut der Max-Planck-GesellschaJt, Berlin, Germany
The advent ofwidely and continuously tunable infrared Free Electron Lasers (FELs) has revived
the application of infrared mUltiple photon dissociation (lRMPD) spectroscopy of gas-phase
lany
lfes.
son
lone

, and
over,

DFT
been
metal
Jnon

I

ionic species stored in an ion trapping device, which until recently had been applied only using
CO 2 lasers with the inherent severe limitation in tuning range. Since our first demonstration of
this method [1], a variety of ionic systems has been investigated using mainly the FELs at our
institute (FELIX) and in Orsay, France (CLIO).

In this contribution we will present an overview of the latest developments on our Fourier
Transform Mass spectrometer (FTMS) coupled to the FELIX beam1ine [2]. Most importantly,

an electrospray ionisation source (ES1) was introduced, which allows the investigation of
many biochemically relevant molecules. Several classes of such molecules are intrinsically
ionic, e.g. K+, Na+ adducts, protonated species, and (model systems for) the reaction centers in
metalloenzymes. We will show sample spectra of such systems, ranging in size from a simple
amino acid to an entire protein. With a molecular weight of about 12.5 kDa, this is to our

usmg

knowledge the largest system for which a gas-phase lR spectrum was ever recorded!
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[1] J. Oomens, A.J.A. van Roij, G. Meijer, G. von HeIden, Astrophys. J 542,404 (2000)
[2] J.J. Valle, J.R. Eyler, J. Oomens, D.T. Moore, A.F.G. van der Meer, G. von HeIden, G. Meijer, C.L.
Hendrickson, A.G. Marshall, G.T. Blakney, Rev. Sci. Instrum. 76,023103 (2005)
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The C2H 3 + NO Reaction: Determining its Mechanism and Products with
Time-Resolved Fourier Transform Spectroscopy
Peng Zou, Stephen J. Klippenstein, and David L. Osborn
Combustion Research Facility, Sandia National Laboratories, P 0. Box 969, Livermore, CA
94551-0969, United States ofAmerica

The vinyl radical (C 2H) is among the simplest unsaturated hydrocarbon free radicals,
and its chemistry is important in combustion as well as interstellar environments. We have
studied the vinyl + NO reaction using time-resolved Fourier transfonn emission spectroscopy,
complemented by electronic structure and microcannonical RRKM rate coefficient calculations.

In order to unambiguously determine the reaction products, three precursors are used to produce
the vinyl radical by laser photolysis: vinyl bromide, methyl vinyl ketone, and vinyl iodide. The
emission spectra and theoretical calculations indicate that HCN + CH20 is the only significant
product channel for the C2H) + NO reaction near room temperature, in contradiction to several
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reports in the literature. Although CO emission is observed when vinyl bromide is used as
the precursor, it arises from the reaction of NO with photofragments other than vinyl. This
conclusion is supported by the absence of CO emission when vinyl iodide or methyl vinyl
ketone is used.
Prompt emission from vibrationally excited NO is evidence of the competition between
back dissociation and isomerization of the initially fonned nitrosoethylene adduct, consistent
with previous work on the pressure dependence of this reaction. Our calculations indicate that
production of products is dominated by the low energy portion of the energy distribution. The
calculation also predicts an upper bound of 0.19% to the branching ratio of the of the H 2CNH +
CO channel, which is consistent with our experimental results.
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Photolysis of Sulfosalicylic Acid: Mechanistic Study
Ivan P. Pozdnyakov.l, Victor F. Plyusnin', Vjacheslav P. Grivin', Dmitry Yu. Vorobyev',
Nikolai M. Bazhin' and Eric Vauthey2
I

Institute of Chemical Kinetics and Combustion, 630090 Novosibirsk, Russia

2Department ofPhysical Chemistry, University ofGeneva, 30 quai Ernest Ansermet,
1211 Geneva, Switzerland
pozdnyak@ns.kinetics.nsc.ru

Sulfosalicylic acid (SSA) can serve as one of model compound demonstrating the
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photochemical properties of humic acids which are abundant in natural water. To study the
photophysics and photochemistry of SSA in aqueous solutions flash photolysis (XeCI laser,
308 run, 20 mJ, 15 ns), steady-state and time-resolved luminescence and NMR were used.
Information on the ESIPT of the SSA ions was deduced from the dependence of the quantum
yield and the spectral maximum of SSA fluorescence on the pH of the medium. It was
demonstrated that the dianion (HSSA2-) is the main photoactive ion form of SSA in aqueous
solutions at pH < 10. Excitation of HSSA 2- at pH = 9 leads to formation of triplet (T) state

('Amax= 470 nm), aquated electron ('Amax = 720 nm) and anion-radical SSA 2-0 ('Amax = 400 and
415 nm). The two later species are formed as results of two photon process via excited singlet
state ofHSSA2 -. Decreasing of pH leads to protonation ofT, state ofHSSA2- (THSSA2- + H· <=>
TJI2 SSA, pKa = 3.5) and SSA2-0radical (SSA 2-0 + H+ <=> HSSAo, pKa = 3.1) For the TJI2SSA 'Amax
shifts to 440 run and the HSSAo radical has 'A max = 400 and 420 run. The TJISSA 2- and TJI2SSA
disappear in reaction of T-T annihilation (2k = 5.5x]08 and 1.8x 109 M-'s-', accordingly). The
SSA 2-0 and HSSAo radicals decay due to the recombination (2k = 7xl0 8 and 2.8x109 M-'s-',
accordingly). Aquated electron is captured by the initial HSSA2- ion (k = 2.7x109 M-'s-'). The
3-(2-carboxy-4-sulfo-phenoxy)-sulfosalicylic acid was identified by NMR analysis as the main
final products ofHSSA2- photolysis. This compound is formed in recombination of two HSSAo
or SSA2- 0radicals. The results indicate that the pH is an important parameter, which controls the
photochemical reactions of aromatic acids in natural water.
The work was supported by RFBR (grants 05-03-32474, 03-03-33134, 03-03~39008 GFEN),
Ministry of Education of RF "Universities of Russia" (grant UR.05.01.020) and INTAS
Fellowship Grant for Young Scientists 03-55-1472.
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A high-resolution laser vacuum ultraviolet pulsed field ionization
photoelectron spectroscopic study of CH3 F+ radical cation (X + 2E)
X.-M. Qian and F. Merkt
Laboratoriurnfiir Physikalische Chernie, ETH Zurich, CH-8093 Zurich, Switzerland

The vacuum ultraviolet (VUV) pulsed-field-ionization zero-kinetic-energy (PFI
ZEKE) photoelectron spectrum of the

X IAI

~

X+ 2E transition of jet-cooled methyl

fluoride CH3F has been measured in the energy range of 101,000 - 104,200 em-I. The
analysis of the rotationally-resolved PFI-ZEKE photoelectron spectrum and the
photoionization efficiency (PIE) spectrum has provided an accurate adiabatic ionization

The

energy (IE

101,093.89±0.7 em-I) for the fonnation of the radical cation CH3F+ in the

supc

state as well as infonnation of the ec8iE-Jahn- Teller effect in the ionic ground

solu

X-'- 2E

=

state.
Ionization transitions populating the vibronic levels of CH3F+ including pure
vibronic progressions and combination modes involving the symmetric C-F stretching
(v/ = 1312.5 em-I al) and CH3 rocking (vs + = 866.1 em-I e) vibrational modes are
If)

identified by the rotational structure of the bands, the photo ionization selection rules and

c..

comparison with ab initio calculations.
The rovibrational structure of the photoelectron spectrum is discussed in tenns of
model Hamiltonians describing the ec8iE-Jahn-Teller effect in the

X+ 2E ground state of

the cationJI-4]
[1] 1. M. Brown, Mol. Phys., 20,817 (1971)
[2] Y. Endo, S. Saito and E. Hirota,J Chern. Phys., 81,122 (1984)

effe.

[3] T. A. Barckholtz and T. A. Miller, Int. Rev. in Phys. Chern., 17,435 (1998)

time

[4] 1. Han, Y. G. Utkin, H. Chen, L. A. Burns and R. F. Curl, J Chern. Phys., 117,6538
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Pressure Tuning Diiodomethane Photochemistry in Supercritical Fluid
Solution: Dissociation versus Isomerization
Christian Grimm,l Jorg Schroeder l,2 Philipp Wagener,! and Jochen Zerbs l
1 Institut for

Physikalische Chemie, Universitiit Gottingen, Tammannstrasse 6, 37077
Gottingen, Germany

2

Abteilung Photochemische Kinetik, Max-Planck-Institut for Biophysikalische Chemie, 37070
Gottingen, Germany

The photochemical dynamics following UV-femtosecond excitation of diiodomethane dissolved in
supercritical fluids (SCFs) was investigated at pressures between 5 and 100 MPa. As in liquid
solution, the pump-probe signals generally are characterized by an instantaneous absorbance peak
5O,'--~-r--r--r~~-r~--'-~~
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subsequent rise on a picosecond time scale. The time
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followed by a fast decay (100 to 300 fs) and a
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constant of the initial decay increases linearly with
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SCF viscosity, suggesting that dissociative motion on
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the repulsive surface is damped by solvent friction.
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The amplitude of the rising component, which is
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assigned to formation of iso-diiodomethane, increases
with SCF density indicating enhancement of the cage

effect with pressure. The transient absorption band exhibits significant spectral narrowing on a
timescale of 10 to 50 picoseconds due to vibrational cooling of hot isomer by energy transfer to the
SCF environment. The observed density and solvent dependence of the formation time constant
(Fig. I ) and the spectral evolution of the transient absorption seem to suggest that contact charge
transfer interaction between the iodine atom and CH2I radical in the solvent cage could play a
significant role in the formation of iso-diiodomethane. Iodine atoms and methyliodide radicals
apparently do not geminately recombine to parent molecules in the solvent cage to any major extent.
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Allene: A high resolution photoelectron spectroscopic study
Anna M. Schulenburg and Frederic Merkt
Laboratorium fUr Physikalische Chemie, ETH Honggerberg, CH-8093 Zurich,
Switzerland

The pulsed-field-ionisation zero-electron-kinetic-energy photoelectron spectrum of al
lene has been recorded in the region near the origin of the X - X+ transition. The
spectrum reveals a pronounced vibrational progression in the torsional mode

V4

and sev

eral weaker vibrational bands.

(P

The rotational structure of these bands has been almost fully resolved and line positions
as well as line intensities could be analysed in order to determine structural parameters of

X

iso

the C3 Ht ion and to understand the photoionisation dynamics of allene. The rovibronic
intensity distribution suggests a D2 cationic structure with negligible torsional tunneling
for the lowest two vibrational bands (v 4 =0 and 1). The spectral intensities could be
quantitatively reproduced using the recent model of Willitsch et al. [lJ on the assumption
that the electron is ionised out of a molecular orbital that can be represented by a linear
combination of

Prr

and d rr components in a single centre expansion, whereby

the projection of the orbital angualr momentum onto the main axis.

[lJ

S. Willitsch, U. HoUenstein, and F. Merkt. F. Merkt and T.
P. Softley, J. Chern. Phys. 2004, 120(4), 1761.
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A high resolution study of the methyl cation
Anna M. Schulenburg l , Ch. Alcaraz 2 and Frederic Merkt l
1

Labomtorium fur Physikalische Chemie, ETH Honggerberg, CH-8093 Zurich,
Switzerland

2

J-

Centre Universitaire Paris-Sud, Labomtoire de Chimie Physique, F-91898 Orsay
Cedex, France
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We present a new investigation of the pulsed-field-ionisation zero-electron-kinetic-energy
(PFI-ZEKE) photoelectron spectrum of the methyl radical recorded near the origin of the
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X+ transition above 79300 cm- l . The methyl radical CH 3 and its perdeuterated

isotopomer CD 3 have been studied by PFI-ZEKE and mass-analysed threshold ionisation
(MATI) spectroscopy following single-photon and multiphoton excitation [1,2]. From the
rotational structure, structural parameters can be derived and the rovibronic intensity
distribution can be analysed using a simple orbital ionisation model [3] providing an un
derstanding of the ionisation dynamics in this important symmetric top molecule. In
particular, we discuss intensity perturbations caused by rotational channel interactions
analogous to those observed in earlier PFI-ZEKE studies [4,5].
[1]

J. A. Blush, P. Chen, R. T. Wiedmann and M. G. White, J.

Chern. Phys. 1992, 98,3557.

[2]

H. Dickinson, T. Chelmick and T. P. Softley, Chern. Phys.
Lett. 2001, 338, 37.

[3]

S. Willitsch, U. HoHenstein, and F. Merkt, J. Chern. Phys.
2004, 120(4), 1761.

[4]

F. Merkt and T. P. Softley, J. Chern. Phys. 1992, 96(6),
4149.

[5]

F. Merkt and T. P. Softley, Int. Rev. Phys. Chern. 1993, 12,
205.
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Total and State-to-State Rate Coefficients for Inelastic and Reactive
Collisions of CN(X?L+, v = 2) in Selected Rotational Levels in Collisions with
N2 and C 2H 2

tel

Rouslan V. Olkhov, Chester M. Sadowski I and Ian W.M. Smith
University Chemical Laboratories, Lensfield Road, Cambridge CB2 lEW,

u.K.

We shall report preliminary results ofan experimental study ofthe collisions ofCN radicals
in selected rotational levels with N2 and C2H 2. These experiments extend earlier measurements
of a similar type (K.M. Hickson, C. M. Sadowski and I.W.M. Smith, Chern. Phys. Lett. 2003,
372,443-450.).
The experiments employ three pulsed lasers. The first (photolysis) laser dissociates
part of a suitable precursor for CN, either ICN, which is photolysed at 266 nm, or NCNO,
which is photo lysed at 575 nm. This precursor is present in very small concentration in either
pure N2 or pure C2~' The second, tuneable infrared, (pump) laser promotes a fraction of the
CN radicals to a selected rotational level (N.)I in v = 2. The third, tuneable visible, (probe)
laser observes CN radicals in v = 2 using laser-induced fluorescence (LIF) in the (0,2) band
of the B2'L'+ - XZL+ system. Two kinds of experiment are performed. In kinetic experiments,
we observe the decrease in population in the level (v = 2, N) by observing the decrease in LIF
signal as the delay between the pulses from the pump and probe lasers is systematically varied.
Such experiments yield rate coefficients for total removal (energy transfer + reaction) from
level N r In spectroscopic experiments, we record an LIF spectrum at a short delay between the
pump and probe laser pulses by scanning the frequency of the probe laser. Such experiments
yield state-to-state rate coefficients for transfer from level N.I to other defined rotational levels.
The difference between the rate coefficient for total removal from a given N, and the sum of
state-to-state rate coefficients from that level yields the rate coefficient for reactive removal.
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We shall present results of two kinds. First, we are investigating how the total and state
to-state rate coefficients for rotational energy transfer in collisions with N2 depend on collision
energy by comparing the results of experiments in which NCNO and ICN are used as precursors
for the radicals and, in the case of ICN, by varying the time delay between the photolysis and
pump lasers to allow differing degrees of moderation of the translationally 'hot' CN radicals.
Second, we shall report new results on low energy collisions between state-selected CN radicals,
formed from NCNO, and C2H 2 ; in particular, rate coefficients for reaction from different
N.levels.
I

Permanent address: Department of Chemistry, York University, Toronto, Ontario,
Canada M3J IP3
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Rate Constants for the Reaction between OH(XZIl) and Oep) atoms at
temperatures from 294 to 39 K and their Astrochemical Implications
David Carty,I Andrew Goddard,2 Sven P. K. Kohler,3 V. LePage, Ian R. Sims4 and
Ian W. M. Smith~
Department o/Chemistry, The University 0/ Birmingham, Edgbaston,
Birmingham, u.K. B15 2IT
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The kinetics of the reaction between atoms and OR radicals; that is
OH(XZll) + Oep) ~ 02(XlLg-) + H(2S)
have been investigated at temperature from 294 K down to 39 K. The experiments employed
a CRESU (Cinetique de Reaction en Ecoulement Supersonique Uniforme) apparatus to attain
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low temperatures. Both reagents were created using pulsed laser photolysis at 157.6 nm of
mixtures containing H 20 and 02 diluted in N2 carrier gas. OH radicals were formed both by
direct photolysis of H 20 and by the reaction between OeD) atoms and H 20. Oep) atoms were
formed both as a direct product of 02 photolysis and by the rapid quenching of OeD) atoms
formed in that photolysis by N 2 and 02' The rates of removal of OH radicals were observed by
laser-induced fluorescence and concentrations of

°
°+

atoms were estimated from the absorption

IF

cross-section for 02 at 157.6 run and the measured fluence from the F 2 laser at this wavelength.

~d.

To obtain a best estimate ofthe rate constants for the

)m

had to be corrected for: (a) the decrease in the laser fluence along the jet due to the absorption by
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OH reaction, the raw experimental data

°

2in the gas mixture, (b) the increase in temperature, and consequent decrease in concentration,

as a result of energy released in the photochemical and chemical processes that occurred, and
(c) the formation ofOH(v= 0) as a result of relaxation, particularly by 02' ofOH radicals formed
in levels v > O. Once these corrections were made, the rate constant for reaction between OH
and Oep) atoms showed little variation in the temperature range 294 to 39 K and had a value
of(3.5 ± 1) x 10- 11 cm3 molecule' I

S·I.

These results strongly suggest that the low abundance of

02 in dense interstellar clouds cannot be attributed to the slow rate of the reaction of OH with
Oep) atoms at very low temperatures.
present address: Chemistry Research Laboratory, University of Oxford, Mansfield Road,
Oxford OXI 3TA, U.K.
2 present address: School of Chemistry, The University of Leeds, Leeds LS2 9JT, u.K.
3 present address: Scholl EPS - Physics, David Brewster Building, Heriot-Watt University
Edinburgh, EH14 4AS, U. K.
4 present address: PALMS, UMR CNRS 6627 - Astrochemie Experimentale, Campus de
Beaulieu - Batiment 11C, 35042 Rennes Cedex, France; email: ian.sims@univ-rennesl.fr
5 present address: University Chemical Laboratories, Lensfield Road, Cambridge CB2 1EW,
u.K.; email: i.w.m.smith@bham.ac.uk
I
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Optical Stark Effect in FeB and Optical Zeeman Effect in CaB

K

Timothy C. Steimle 1 and J.M. Brown2

'Department ofChemistry and Biochemistry, Arizona State University, Tempe, Arizona, USA
2Physical and Theoretical Chemistry, Oxford University, South Parks Road, Oxford, England

,Lab

Permanent electric dipole moments and magnetic g-factors of refractory molecules are
useful for probing ambient fields and providing insight into molecule bonding. This information
is most readily derived from the analysis of optical Stark and Zeeman spectra recorded at near
natural linewidth. Two examples will be given: magnetic g-factors determination for CaH;
electric dipole moment determination for FeH.
Numerous branch features in the (0,0) band of the B 2~+ - X 2L+ system and in the (0,0)
band of the A 2I1 - X 2:L+ system of CaH have been recorded in the presence of a tunable static
magnetic field of up to 2400 Gauss. The observed Zeeman induced shifts were successfully
modeled using the traditional effective Hamiltonian to account for the interaction between the
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(v = O)A 2I1 and (v==0) B 2:L+ states and explicit inclusion of the interaction matrix elements for
the heterogenous perturbations between the (v = I)A 2I1 and (v = 0) B 2:L+ states. A comparison
with the previous analysis [I] will be given.

10- 12 cr

and Ea(

Recently we recorded the low-J branch features of the (1,0) F4~712- X4~12 (v::;:j11350 cm· 1)
band system ofFeH the in the presence of a static electric field. This is the first molecular beam
study ofFeH. Progress on the analysis will be given.
[1] B. Friedrich, J.D. Weinstein, R. deCarvalho, and J.M. Doyle, J. Chern. Phys., 110,2376
2383 (1999).
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Kinetics of the Reactions of the CCl2 Biradical with N0 2, Br2, and 02 at
Atmospheric Temperatures
Raimo Timonen,1 Arkke Eskola,1 Iwona Golonka, 2 and Emil Ratajczak2
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Laboratory ofPhysical Chemistry, A.l. Virtasen auldo 1, FIN-00014 University ofHelsinki,
Finland
2 Department ofPhysical Chemistry, Medical University ofWroclaw, pl. Nanldera 1,50-140
Wroclaw, Poland
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The kinetics of the CCl2 + N0 2, CCl 2 + Br2 and CCl2 + 02 reactions have been studied at
temperatures between 265 and 365 K under pseudo-fIrst-order conditions. The CC~ biradicals
have been homogeneously generated at 193 run by pulsed laser photolysis of CCl4 along the
laminar flow reactor. Decays ofbiradical concentrations in the presence or absence ofthe reactant
(N02' Br2 or 02) were monitored in time-resolved experiments using photoionization mass
spectrometry (PIMS) technique. The method and the apparatus have been explained previously
[1]. The flowing gas mixture contained more than 95 percent of He as a carrier gas even in the
02 study, in which case the reaction was very slow resulting to a large reactant concentrations.
We were able to obtain only the upper limits for this reaction.

1son

The rate coefficients of the CC12 + N0 2 and CCl2 + Br2 reactions are in order of
10- 12 cm3molecule- 1s- 1with small negative temperature dependences (E.(CCI2 + N0 2) = -1.5

;m- I )

and E.(CCI2 + Br2) = -3.4 kllmol). The more detailed information on the reactions considered
will be available in the conference.

team
[1] A. 1. Eskola, R. S. Timonen, Phys. Chern. Chern. Phys., 5,2557, (2003).
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The physical chemistry properties of the anthropogenic
greenhouse gas, SFsCF3
Raymond Y L Chim, Richard A. Kennedy, Chris A. Mayhew and Richard P. Tuckett
Schools ofPhysics and Chemistry, University ofBirmingham, Edgbaston, Birmingham UK
Using ttmable vacuum-UV radiation from a synchrotron, we have measured the threshold
photoelectron and threshold photoelectron - photoion coincidence spectrum of SF sCF3 , a new
anthropogenic greenhouse gas, in the range 12-25 eV I The ground state ofSF sCF 3+ is repulsive

In

a~

with

in the Franck-Condon region, the parent ion is not observed, and the onset of ionisation can

; the

only give an upper limit to the energy of the first dissociative ionisation pathway of SF sCF 3' to

has t

CF/ + SFs + e-. We have determined the kinetic energy released into the two fragments over

react

a range of photon energies in the Franck-Condon region of the ground state ofSFsCF/. Using

C2H2

an impulsive model, the data has been extrapolated to zero kinetic energy to obtain a value for

The)

the first dissociative ionisation energy for SF sCF 3 of 12.9 ± 0.4 eV The enthalpy of fonnation
at 0 K ofSF sCF3 is determined to be -1750 ± 47 kJ mol-I, and the dissociation energy of the

invol

SF s-CF 3 bond at 0 K to be 372 ± 43 kJ mol-lor 3.86 ± 0.45 eV This high bond strength means

are 0

the e

that SF sCF 3 is very unlikely to be broken down by UV radiation in the stratosphere. Processes

obse)

in the mesosphere therefore dominate.

and (

for it
The absorption spectrum of SFsCF 3 has been measured in the range 50-150 nm at a

was I

10-17 cm2 •1 The electron

natur

attachment rate coefficient at 298K has been detennined in a non-thennalised electron swarm

lOn-n

resolution of ca. 0.1 nm; the cross section at 12l.6 nm is l.3 ± 0.2

x

apparatus to be 7.7 ± 0.6 x 10-8 cm3 S-I/ and the rate coefficients of the reaction of SF sCF 3
with many small cations present in the mesosphere have been measured. 4 On a molecular
basis, the loss of SF sCF 3 from the earth's atmosphere is dominated by electron attachment in
the mesosphere, yielding SF s-' The lifetime of SF sCF 3 in the earth's atmosphere, however,
is determined by the meterological conditions that transport it from the earth's surface to the
mesosphere. By comparison with data for SF 6' the lifetime of SF sCF 3 is estimated to be ca.
1000 years. 2,5
[1]
[2]
[3]
[4]
[5]

R. Y. L. Chim et al., J Phys. Chem. A., 105,8403 (2001)
R. Y. L. Chim, R. A. Kennedy and R. P. Tuckett, Chem, Phys. Letts., 367,697 (2003)
R. A. Kennedy and C. A. Mayhew, Int. J Mass Spectrom., 206, i (2001)
C. Atterbury et al., Phys. Chem. Chem. Phys., 4,2206 (2002) and 3, 1949 (2001)
R. P. Tuckett, Adv. in Fluorine Science, volume I, Elsevier, (2005) in press
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Isomeric effects in the gas-phase ion-molecule reactions and TPEPICO
spectroscopy of dichloroethene, CzHzCl z

:tt
nUK

Michael A. Parkes, Viktor A. Mikhailov, Chris A. Mayhew and Richard P. Tuckett
Schools ofPhysics and Chemistry, University ofBirmingham, Edgbaston, Birmingham UK

reshold

We measure the rate coefficients and product yields of gas-phase ion-molecule reactions

, anew

in a selected ion flow tube (SIFT). Unexpected results are observed in the reactions of cations,

pulsive

with recombination energies (RE) spanning the range 6-21 eV, with dichloroethene, C 2H2Cl2
; the product ions can vary dramatically with the isomeric form of this molecule.' C 2H 2Cl2

on can

CF3 , to

has three isomeric forms: (1,1), cis-(1,2) and trans-(1,2). The most surprising result is their

ts over

reactions with the CF/ cation, RE

=

9.04 eY. With the (1,1) isomer, the only product ion is

Using

C2H2Cl+ fromed by Cl- transfer, whereas for both (1,2) isomers the only product is CHCI/.

lue for

The neutral co-products are presumably CF3CI and C}IF3' respectively, although the latter will

mation

involve a complicated transition state intermediate. Although the magnitude of such effects

of the

are observed most clearly with cations whose RE lies below the ionisation energy of C 2H 2C12,
the effects are also observed for some higher-RE cations. Isomer-specific effects were also

means

Icesses

observed with the reactions of anions with C 2H 2CI/ The difference in reactivity of the (1,1)
and (1,2) isomeric forms of C2H2C~ with 0-, O 2-, OH-, F- and CF 3- was not so marked as
for the cations, but surprisingly the differences between the cis-(1,2) and trans-(1,2) isomers

n at a

was more pronounced. The long-term goal is to understand whether these effects are steric in

ectron

nature, or whether they are a function of the electronic potential energy surface over which the

;warm

ion-molecule reaction proceeds.

:FsCF3
The cation ion-molecule results will be compared with threshold photoelectron photoion

!ecul:u
lent III

coincidence spectra ofthe three isomers ofC 2H 2C1 2, where isomeric-specific effects are generally

fVever,

not observed. A comparison between the product ion branching ratios when the vacuum-UV

Ito the
be ca.

photon energy mimics the RE of the cation in the SIFT study can inform about the mechanism
of charge transfer reactions. Specifically, whether such reactions take place at long range, or at
short range within a transition state intermediate. 3

D

[1] M. A. Parkes et al., J Chern. Phys., in preparation (2005)
[2] R. A. Kennedy, C. A. Mayhew, R. Peverall and P. Watts, Phys. Chern. Chern. Phys., 2,3145 (2000)
[3] G. K. Jarvis, R. A. Kennedy, C. A. Mayhew and R. P. Tuckett, Int. J Mass Spectrorn., 202,323 (2000).
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Deceleration and Electrostatic trapping of 0 H radicals
Nicolas Vanhaecke, Sebastiaan Y.T. van de Meerakker, Joop J. Gilijamse,
Steven Hoekstra and Gerard Meijer
Fritz-Haber-Institut der Max-Planck-Gesellschaft, Abteilung MP, Faradayweg 4-6,
D-14195 Berlin, Germany

Over the last years our group has been developing methods to get improved control
over the absolute velocity and over the velocity spread of molecules in a molecular beam.
These methods rely on the, quantum state specific, force that polar molecules experience
in inhomogeneous electric fields. This force is rather weak, but nevertheless suffices to
achieve complete control over the molecular motion, and polar molecules in a supersonic
beam can be brought to rest and confined in an electrostatic trap .
Here, we report on the deceleration and electrostatic trapping of ground state OH
radicals. The experiments are performed i.n a new generation molecular beam deceler
ation machine, designed such that a large fraction of the molecular beam pulse can be
slowed down and trapped [1]. Depending on details of the trap loading sequence, typically
10 5 OH (X2II3/2' v = 0, J = 3/2) radicals arc trapped at a density of 107 _10 8 cm- 3 and
at a temperature in the 50-500 mK range. We recently stored OH radicals prepared in
the first vibrationally excited state. The long observation time afforded by the trap has
been exploited to measure the infrared radiative lifetime of this state by monitoring the
temporal decay of the population in the trap. We thus determine the radiative lifetime
of the upper A-doublet component of the X 2II 3 / 2, v = 1, J = 3/2 level as 59.0±2 .0 ms [2].
In our deceleration experiments, state-selective molecular beams with a computer
controlled velocity distribution are produced, offering the unique possibility to perform
collision and reactive scattering experiments as a function of the continuously tunable
collision energy and with unprecedented energy resolution.

[1] Sebastiaan Y.T. van de Meerakker, Paul H.M. Smeets, Nicolas Vanhaecke, Rienk
T. Jongma and Gerard Meijer, Phys. Rev. Lett. 94, 023004 (2005)
[2] Sebastiaan Y.T. van de Meerakker, Nicolas Vanhaecke, Mark P.J. van der Loo,
Gerrit C. Groenenboom and Gerard Meijer, arXiv:physics/0505097 (accepted for publi
cation in Phys. Rev. Lett.)
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Hyperfioe Structure in the Electronic Spectrum of ReO
Thomas D. Varberg, Melanie A. Roberts, C. Guillermo Alfonzo,
William M. Ames, and David B. Ron

4-6,

:ontrol
beam.
~nence

lees to
:rsonic

Department ofChemistry, Macalester College, St. Paul, MN, USA

We have recorded laser excitation spectra of the 711.9-run band ofthe molecule ReO, which
was first observed by Balfour and coworkers using a grating spectrograph. The molecules were
prepared in a hollow cathode discharge source, and the spectrum was recorded with a continuous
wave Ti:sapphire ring laser. We have been able to resolve the 185Ref1 87 Re isotope structure in
this (0,0) band and identify unambiguously the first lines of the P, Q and R branches, confirming

n

;e OR

the assignment of the transition as

~celer

Re hyperfine structure of the molecule for the first time. We will present an analysis of the

:an be
Jically
·3 and
red in
,p has
19 the
etime

:18

=

7/2 -, 5/2. We have also resolved and measured the

magnetic dipole and electric quadrupole hyperfine structure of ReO.

[2].
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Photochromic processes in solutions of disulfides and Ni(II) complexes
Dmitry Yu. Vorobyevl, Victor F. Plyusnin 1, Yuri V. Ivanov!, Vyacheslav P. Grivin 1,
and Stanislav V Larionov2
J

Institute o/Chemical Kinetics and Combustion, 630090 Novosibirsk, Russia
2

Institute

0/Inorganic Chemistry,

630090 Novosibirsk, Russia

Coordination of sulfurcontainig radical with planar Ni(II) complexes is the essence of
studied novel photochromic systems. Due to a low reaction ability ofS-radicals these systems can

C

DeJ

be endured many cycles of photochromic transformation. First time the processes were studied
in thiuramdisulfide and dithiocarbamate Ni(II) system [1,2]. It was shown that photo chromic
properties are based on the reversible coordination of S-radical with Ni(II) complex. In present
work the photochromic processes in some new systems containing disulfide and Ni(II) complex
are studied. The couples (DTP)2+Ni(DTP)2' (NS)2+Ni(NS)2' (SBF)2+Ni(NS)2' (SNF)2+Ni(NS)2

vibra

portil

strucl

were examined. The structures of compounds are displayed below.
The photodissociation of disulfide, the appearance of S-radical and then the formation

critic
infon

of(RS")NiL2 complex are the primary processes for all these systems. Tne subsequent reactions

This

can be different. In some case the formation of secondary biradical (RS")2NiL2 complexes was

Iowa

found. For another systems the (RS")NiL2 complex is destroyed in reaction with RS" radical.
However, in all cases the reactions of intermediates lead to the initial state. Absorption spectra,

the

cavit)

kinetics and rate constants of all transient species will be presented.

overc

The

work

was

supported

by

RFBR

(Grants

05-03-32474,

0'

03-03-33134,

03-03-39008GFEN) and Foundation of Universities of Russia (DR.05.0l.020).

detect

[1] Yu.V Ivanov, VF. Plyusnin, VP. Grivin, and S.V Larionov, Photochem. Photobio!. A: Chem.
119,33 (1998).
[2] Yu.V Ivanov, VF. Plyusnin, VP. Grivin, S.V Larionov. Chem. Phys. Letters, 310, 252
(1999).
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Vibration Overtone Spectroscopy of Reactive Intermediates Using Cavity
Ring down and Cavity Enhanced spectroscopy

vin

l

,

~ia

: essence of
systemscan

Oncifej Votava a, Juraj Glosik b, Peter Macko c, and Petr Hlavenka b
a J Heyrovskj Institute ofPhysical Chemistry, Academy ofSciences ofthe Czech Republic,
Prague, Czech Republic
b Department ofElectronics and Vacuum Physics, Mathematics and Physics Faculty, Charles
University Prague, Czech Republic
C Department ofPlasma Physics, Faculty ofMathematics, Physics and Informatics, Comenius
University, Bratislava, Slovak Republic

"'ere studied
wtochromic
~.

In present

(II) complex

f)2 +Ni(NS)2

Overtone spectra of molecular species are of much interest in gaining insight into highly
vibrationally excited molecular states. They provide information on the chemically relevant
portions of the potential energy surfaces and are therefore sensitive indicators of molecular
structure and intramolecular energy flow. Measured overtone spectra thus can be used for
critical testing of theoretical predictions.

Unfortunately only very limited experimental

e formation

information exists at present on vibrational overtone spectra of reactive intermediate species .

.ent reactions

This traditionally stems from the combined experimental difficulties arising from generally

iJllplexes was

low attainable concentrations of such species and generally low absorption cross sections of

RS· radical.

the overtone transitions. Application of modem high sensitivity detection techniques such as

ption spectra,

cavity ring down (CRDS) and cavity enhanced absorption (CEAS) spctroscopies can however

I

overcome those technical difficulties.

)3-03-33134,

In the presented contribution we demonstrate the feasibility of direct absorption based
detection techniques, CROS and CEAS, application for overtone spectroscopy studies of

io!. A: Chem.

'!"S,

310, 252

reactive intermediate species. Applications for studies ofH/ ion recombination with electrons
in stationary afterglow plasma experiment and detection of OH radical in the supersonic jet
plasma radical source are used as examples to demonstrate the sensitivity of those techniques
under different experimental settings.
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Structure and Jahn-Teller effect of the cyclopentadienyl cation from a
high-resolution photoelectron spectrum
H. J . Worner and F. Merkt*
Physikalische Chemie, ETH Zurich, CH-8093 Zurich
The results of the first photoelectron spectroscopic study of the cyclopentadienyl cation
will be presented. The cyclopentadienyl radical was produced in a supersonic expansion
by photolysis of cyclopentadiene at 248 nm using the method described in Ref.[l] .

liqui
pres l

PFI-ZEKE photoelectron spectra were recorded using two different excitation schemes.

the ~
notal

2E~ ground state of the

Parel

In the first experiment single-photon excitation from the

X

radical was used to study the ground state of the cyclopentadienyl cation. In the second
experiment, a resonance-enhanced two-photon excitation scheme via the vibrationless
transition to the

Ii 2 A~ state studied

in Ref. [2] provided access to the first electronically

excited state of the cyclopentadienyl cation.

ion fi

exper
paren
secon

The analysis of the spectra reveals that the ground state of the cyclopentadienyl
cation is a triplet state of electronic symmetry

studi l

3

A; and the first excited state is a singlet of

other

with tl

symmetry 1 E;, which is subject to a pronounced Jahn-Teller distortion. The experimental
results will be compared with ab initio calculations and an analysis of the Jahn-Teller effect

to exp

in the 1 E; state will be presented.

genera
• In sil

• Ex s
dischal

[1] S. Willitsch, J.M. Dyke and F. Merkt, Helv. Chim. Acta, 2003, 86, 1152.
[2] L. Yu, S.C. Foster, J.M. Williamson, M.C. Heaven and T.A. Miller, J. Chern. Phys.,
1988, 92, 4263.
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Electron impact ionization mass spectrometry of molecules, molecular
clusters and free radicals trapped in helium nanodroplets
Shengfu Yang. Scott M. Brereton, Martyn D. Wheeler and Andrew M. Ellis
Department of Chemistry, University ofLeicester,
University Road, Leicester, LEI 7RH, UK

tion
,sion

Electron impact (El) mass spectra of a series of C(-C6 alcohols encased in superfluid
liquid helium nanodroplets have been recorded and compared with gas-phase EI spectra. The
presence of helium alters the fragmentation patterns of the radical cations when compared with
the gas phase, with some ion product channels being more strongly affected than others, most

meso

notably cleavage of the Ca-H bond in the parent ion to fonn the corresponding oxonium ion.

i the

Parent ion intensities are also enhanced by the helium, but only for the two cyclic alcohols

eond

studied, cyc1opentanol and cyclohexanol, is this effect large enough to transform the parent
ion from a minor product (in the gas phase) into the most abundant ion in the helium droplet

bless

experiments. The results obtained are difficult to explain solely by rapid cooling of the excited

cally

parent ions by the surrounding superfluid helium, although this undoubtedly takes place. A
second factor also seems to be involved, a caging effect which favours hydrogen atom loss over

ienyl

let of

other fragmentation channels. The fragmentation of alcohol monomers will also be compared
with the fragmentation of alcohol cluster ions in helium droplets.

.ental

We next plan to use EI, and where appropriate, photoionization mass spectrometry,

effect

to explore and optimise techniques for producing free radicals in helium nanodroplets. Two
general approaches will be investigated and compared:
• In situ generation - laser phodissociation of precursor molecules inside helium droplets;
• Ex situ gneration -

external generation of free radicals, by photolysis or by microwave

discharge, followed by helium droplet pickup.

m. Phys.)
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Valence and dipole-bound states of the radical anions of HF, HCl, N20, CO 2
and CS 2
Michael Allan and Svetlana Zivanov

Department of Chemistry, University ofFribourg, Fribourg, Switzerland
The electron impact spectra and the electron-driven chemistry (dissociative electron
attachment) of many compounds were found to be given by interplay of valence and dipole
bound states of the radical anions. The above molecules (except CS 2) are not capable of binding
an electron at the equilibrium geometry of the neutral, but can bind it (in the fixed nuclei picture)
weakly by the dipole and polarizability potentials when the bonds are stretched and/or the
molecules are bent. This leads to characteristic sharp structures in the various electron-impact
cross sections [1,2]. The wave function of the unpaired electron is diffuse, large in space. The
dependence of the auto detachment rate on molecular geometry leads to an interesting selectivity
in the excitation of the Fenni-coupled vibrations in CO2 [3]. The situation in CS 2 is much more
complex and not well understood [4].
The dissociation products (for example N2 and 0- from N20) correlate with the valence
states of the radical anion. These valence states often do not lead to an appreciable product
yield because the auto detachment rate at the point of vertical attachment is much faster than
dissociation. Products may then be fonned when the electron is initially captured in the dipole
bound state, which serves as a 'doorway state'.
Interesting dynamics involving these dipole-bound and valence potential curves with
auto detachment is found also for the association reaction (associative electron detachment)

[5]:

Cl-(E) + H

~

HCl (v,J) + e- (c).

[1] M. Allan, Physica Scripta THO, 161 (2004).
[2] M. Cizek, 1. Horacek, M. Allan, 1. 1. Fabrikant and W. Domcke, 1. Phys. B 36, 2837
(2003).
[3] M. Allan, Phys. Rev. Lett. 87, 033201 (2001).
[4] M. Allan, 1. Phys. B 36, 2489 (2003).
[5] S. Zivanov, M. Allan, M . Cizek, 1. Horacek, F. A. U. Thiel and H. Hotop, Phys. Rev. Lett.
89, 07320 I (2002).
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The dissociation mechanism of the chlorobenzene radical anion
Michael Allan and Tomas Skalicky

Department ofChemistry, University ofFribourg, Fribourg, Switzerland
The dissociation of cWorobenzene radical anion
e-(£) + C6 HsCI

~

[C6HsCll

~

C6HS" + Cl

is symmetry forbidden in the planar geometry. The CI" yield is consequently smaller then in
benzy1 chloride where the dissociation is symmetry allowed [1].
A more recent study [2] has shown that, despite the symmetry restriction, the dissociation

ele

proceeds without an activation barrier. Study of the selectivity of vibrational excitation revealed
strong vibronic coupling between various states of the radical anion which leads to symmetry

cor

lowering and suppression of the activation barrier. The active modes are out-of-plane bending

mv

and twisting of the phenyl ring.
The process has recently also been studied for dissociation induced by scanning tunnelling
microscopy [3].

sho

ver

con

References
[1] R. A. Dressler, M. Allan and E. Haselbach, Chimia 39,385 (1985).
[2] T. SkalickY, C. Chollet, N. Pasquier and M. Allan, Phys. Chern. Chern. Phys. 4, 3583
(2002).
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~

2rr3/2

Electronic Fine Structure Transition in NO Excited by
Electron Impact
Michael Allan

Department ojChemistry, University ojFribourg, Fribourg, Switzerland

len

ill

Nitric oxide is an important plasma gas. It is also important in biology. It has an unpaired
iation

electron, and thus offers an opportunity to study electron collisions with radicals.

lealed

An important consequence of the unpaired electron is the existence of the spin-orbit

letry

components, 2rr 112 and 2rr3/2' of the ground electronic tenn, separated by 15 me V. This work

:nding

lelling

investigates the transitions between these two states induced by slow electrons. The figure
shows the relevant electron energy loss spectra. The 3 L- (v = 3) resonance is seen to cause
very strong excitation of the 2rr3/2 state at an incident energy of 464 meV and the
corresponding superelastic transition at an incident energy of 449 meV.
The same two electronic transitions, but this time accompanied by the v = 0

,3583

vibrational transition, are seen in
the right part of the figure. The
absolute cross sections have been
measured [1]. They have very
large magnitudes and rich reso
nant structure. The vibrational
excitation cross sections have

~

"a;:l

1
i

~~ n
~~ ~--Cl

.2

2

E

8

also been measured [2] and will
be compared with recent theory
[3].
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Dissociations of c-C2 H 4 S+ and c-C3H6S+: threshold photoelectron photoion
coincidence experiments and quantum-chemical calculations
Yung-Sheng Fang l and Su-Yu Chiang2
1 Department

2

ofApplied Chemistry, National Chiao Tung University, Taiwan

National Synchrotron Radiation Research Center, Hsinchu 30076, Taiwan

1

radic

indU(
Dissociations of energy-selected c-C 2H 4 S+ and C-C3H6S+ were investigated with a
threshold photoelectron photoion coincidence technique and quantum-chemical calculations

rovil:

RRK

with Gaussian-3 method. For dissociation of c-C 2H 4 S+, branching ratios and average releases

distri

of kinetic energy in channels of formation of C-C2~S+, CH 3CS+ and HCS+ were obtained

react

from well-resolved coincidence mass spectra. A large releases of kinetic energy for channel

of 0

CH3CS++ H of least energy might result from a dissociation mechanism according to which

ab in

C-C2~S+ isomerizes to a local minimum CH 3CSW and then dissociates through a transition

this,

state to form CH 3CS++ H. On the other hand, a predicted dissociation energy 11.05 e V for
c-C 2H 4 S ~ HCS+ + CH 3 agrees with a linearly extrapolated threshold at 10.99 ± 0.04 eV and
a predicted dissociation mechanism that c-C 2H 4 S+ isomerizes to CH3CHS+ before dissociating
to HCS+ + CH 3 supports the experimental results.
For dissociation of C-C3H6S+, measured average releases of kinetic energy for channel
H 2CS+ + C2H4 of least energy agree satisfactorily with statistical calculations near the
appearance threshold. A predicted dissociation energy 10.35 eV for this channel also agrees
with a linearly extrapolated threshold at 10AO eV The agreements imply that dissociation of
c-C 3H6S+ to form H2CS+ + C2H4 proceeds through direct cleavages of the C-C and C-S
bonds simultaneously without an exit barrier.
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A Crossed-Beam Study of Radical-Radical Reaction Dynamics
ion
Mija Narn, Hyojoong Chang, and Jong-Ho Choi
Department of Chemistry and Center for Electro- and Photo Responsive Molecules, Korea
University, 1, Anam-dong, Seoul 136-701, Korea

The reaction dynamics ofground-state atomic oxygen [Oep)] with a series ofhydrocarbon
radicals such as allyl, propargyl, t-butyl, etc have first been investigated by applying laser
induced fluorescence (UF) spectroscopy in a crossed beam configuration.

The nascent

rovibrational state distributions of OH product were examined. We also performed ab initio,

fns

Ises

RRKM (Rice-Ramsperger-Kassel-Marcus) and prior calculations to characterize the observed
distributions to understand the reaction mechanisms and energy partitioning. The individual
reaction mechanisms show unusual characteristics in comparison to the well-known reactions

~I

of Oep) with closed-shell hydrocarbon molecules, and can be rationalized in terms of the

:h

ab initio reaction pathways on the doublet ground-state potential energy surfaces. We hope

on

this work sheds some light on the gas-phase radical-radical dynamics at the molecular level,
which has been unexplored so far.
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Electronic Spectrum of B2N Radical in Supersonic Molecular Beam
H. Ding*, L. Chacaga and J. P. Maier.
Department a/Chemistry, Universitiit Basel, Klingelbergstr.80, CH-4056 Basel, Switzerland
*email: hongbin.ding@unibas.ch

The boron nitride radical B2N plays an important role as a precursor in the
formation of boron nitride thin films, which exhibit many important
industrial applications. Rotational resolved electronic spectrum of B2N
radical has been measured for the first time in the visible spectral region by a
mass-selective resonant two-color two-photon ionization technique in a
molecular beam using a laser ablation source. The electronic spectrum of
B2N reveals a significant progression structure in 450 nm - 520 nm spectral
region. Observed origin band is at 513 nm. The origin and another band
exhibit rotational structure and allow performing a rotational analysis to

s

determine molecular geometry. Structures, relative energies and electronic
transition energies of several isomers of this radical have been calculated at

a

electron correlation level. Based on an analysis of the rotational structures of

a

the observed bands and theoretical calculations, the spectrum is assigned as

e

the 2I1g f- 2L+u electronic transition of linear BNB radical.
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Electronic Spectra and Structures of Carbon Rings of C 4n+2 (n=3-5)

1

H. Ding*, A. E. Boguslavskiy and J. P. Maier.
Department a/Chemistry, Universitiit Basel, Klingelbergstr.80, CH-4056 Basel,
Switzerland
*email: hongbin.ding@unibas.ch
Electronic spectra of carbon aromatic rings of C 14 , CIS and C22 have been measured in the

d

visible and near UV spectral regions in a supersonic molecular beam. The experimental
technique was a mass selective resonant two-color two-photon ionization coupled to a

the

laser ablation source. Based on spectral analysis of the observed bands and theoretical

ant

calculations, the spectra were assigned to electronic transitions of monocyclic isomers

2N

with a cumulenic structure and an alternative bond angle. Calculations using hybrid

va

density functional B3LyP approach with 6-31 g* basis set show that the linear structures

a
of

of C4n+2 (n=3-5) chains are about 3 eV higher in energy than those of the ring structures
are. The most stable structure in energy is the D(2n+I)h with a bond angle alternation, while
the highest symmetric structure with D(4n+2)h is high order saddle points with negative

ral

harmonic frequencies at the B3LYP/6-31g* level of theory. The calculations show that

nd

the structures with bond length alternation (Peierls'dimerization) are found unstable at

to

size up to C22 ring. Calculations for C I4 using coupled cluster approach at the CCSD(T)

JC

level show that the highest symmetric structure of DI4h is the most stable in energy than

at

bf
is

that with bond angle alternation of D7h symmetry. Our calculations in different
approaches (HF, DFT, CCSD(T» confirm that the HF tends to render a bond length
alternation structure (Peierls'dimerization) due to overestimating the impact of exchange
effects, while DFT within generalized gradient approximation (GGA) with LYP
functional favors a homogenized electronic structure with delocalized electron. It seems
that DFT method overshoots the effect of electron correlation at the expense of electron
exchange. The hybrid approach of B3LyP with an admixture of the exact HF exchange
results in an average effect over the two. These results highlight the importance of an
accurate description of electron correlation and electron exchanges in a ID conjugated
carbon nano system and provide valuable insight into the limit of the DFT approaches
such as inaccurate balance between exchange and correlation using convenient
approximate functionals.
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Imaging the Translational Motion of Radicals in
Liquid Helium Droplets

Andreas Braun and Marcel Drabbels

Institute

0/ Molecular and Biological Chemistry, Swiss Federal Institute o/Technology
Lausanne (EPFL), CH-J015 Lausanne, Switzerland

The translational motion of radicals in liquid helium has been investigated. Radicals with a

Ph

well defined kinetic energy distribution have been created via the photodissociation of

nal

alkyl iodides residing inside helium droplets consisting of several thousands of atoms. The

me

velocity distributions of the escaped photo fragments have been detenruned using ion

ph i

imaging techniques. The use of non-resonant ionization techniques in these experiments

fur

not only has provided information on the kinetic energy relaxation of the fragments but
also on the solvation and the recombination of the fragments. By choosing different
precursors the influence of mass and initial kinetic energy on these processes could be

COl

en}

0[;

determined. By combining the results from the different experiments a consistent picture of

lim

the mechanisms underlying the translational motion of species through this quantum liquid

gee

could be obtained.
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Photoelectron Spectroscopy of Molecules Embedded in
Liquid Helium Nanodroplets

Evgeniy Loginov, Dominic Rossi and Marcel Drabbels

'lology

Institute ofChemical Sciences and Engineering, Swiss Federal Institute of Technology
Lausanne (EPFL), CH-I015 Lausanne, Switzerland

,Is with a

Photoionization and photoelectron spectroscopy of aniline embedded in liquid helium

iation of

nanodroplets (HeD) has been performed. The aim of this work is to understand the

The

mechanism of photoionization in nanodroplets and the interaction between the created

sing ion

photoelectron and the He atoms in the droplet. The insight into these processes wilt forward

~ms.

ieriments

further experiments on molecular species that cannot be created or investigated in

lents but

conventional beam techniques. Aniline molecules are ionized by 1+ 1 and 1+ 1 'resonance

Idifferent

enhanced multi-photon ionization (REMPI) via the S[+-So transition. The REMPI spectrum

could be

of aniline in HeD is found to resemble that of gas phase but with blue-shifted and broadened

,icture of

lines due to the interaction of the solvated molecule with helium environment and the large

1m liquid

geometrical changes in the molecule upon the excitation. Photoelectron imaging is used to
characterize the angular and the kinetic energy distributions of the escaped photoelectrons
from the HeD. Compared to the gas phase the photoelectron spectra are shifted to the higher
photoelectron kinetic energies and the peaks are asymmetric towards lower energy. The shift
of the photoelectron energy is due to the lowering of the ionization potential upon solvation in
helium. The asymmetry can be attributed to the energy transfer from the electron to the
helium environment during the escape process. The results clearly show that photoelectron
spectroscopy holds great promise to obtain detailed information on the electronic structure of
molecular assemblies created in helium droplets.
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B-10
Deperturbation of electronic states of SO above the first dissociation limit

I

Reginald Colin, 1 Nicola L. Elliott,2 Yuan-Pem Lee,3,4 Ching-Ping Liu 3 and
Colin M. WestemI

lLaboratoire de Chimie Quantique et Photophysique, Universite Libre de Broxelles, Belgium
2

School ofChemistry, University ofBristol, Cantock's Close, Bristol, BS8 ITS, United
Kingdom

01

3Department ofApplied Chemistry, National Chiao Tung University, Hsinchu 30010, Taiwan

IS

4Institute ofAtomic and Molecular Sciences, Academia Sinica, Taipei, Taiwan

Ii!

all

The B 3 I,- -X 3 I,- transition of SO has been the subject of a number of studies over the past

m

years. Its spectral complexity is due to interactions with a number of overlapping electronic
states, such as the

c 3 rr

and d 1rr states. This poster discusses the perturbations affecting a
3

th

number of vibrational levels within the B I,- state. The analysis is based on SO spectra

fir

obtained in several laboratories by a variety of methods, and used the PGOPHER program [1].

di:

The energy level plot below results from an initial attempt at deperturbing the v' = 5 level of

al

the B 3 I,- state, which is crossed by the Q = 0 component of the

c 3 rr

he

state (v' = 0).
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[1] PGOPHER program, C. M. Western, http://pgopher.chm.bris.ac.uk
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High-resolution spectroscopy of halocarbenes

Nicola L. Elliott, Stuart L. Lloyd and Colin M. Western

School a/Chemistry, University a/Bristol, Cantocks Close, Bristol, BS8 ITS,
United Kingdom

on

We have developed [I] an all solid state, narrow bandwidth and continuously tuneable
optical parametric oscillator (OPO) based on two ~-barium borate non-linear crystals. The OPO
In

is seeded using tuneable diode lasers and generates high power transform limited nanosecond
light pulses directly in the ranges 770 - 1050 run and 535 - 675 run. Various frequency doubling
and mixing schemes allow the range from 210-1050 nm to be covered. The bandwidth is
~

1st

130 MHz (0.004 cm- I ) in the visible which translates to a resolution for UV spectra in a

molecular beam of 0.01 cm- I .

IIC

We are currently studying the

a

ACA") - XCA')

electronic transition of CFBr. Use of

the OPO has enabled fully rotationally resolved spectra of this transition to be obtained for the

tra

first time with so far the (0, 4, 2) - (0, 0, 0) vibronic band fully analysed. Initially, an electric

l].

discharge was used to produce CFBr, but recent work has centred upon using pyrolysis as

of

a radical production method. Due to the high temperatures required for pyrolysis, electrical
heating has proved to be unreliable, so we have developed an alternative method using a CO 2
laser as a heat source. Initial results obtained using this method are very promising, and will be
presented in this poster.
[1] lA.J. Fitzpatrick, O.v. Chekhlov, J.M.F. Elks, C.M. Western and S.H. Ashworth. J. Chern.
Phys. 115,6920 (2001)

....
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Kinetics of the Reactions of Chlorinated Methyl Radicals (CH 2CI, CHCI2,
and CCI) with N0 2 in the Temperature Range 220 - 360 K
Arkke 1. Eskola1 , WolfD. Geppert2, Matti P. Rissanen l , Raimo S. Timonen l , and
Lauri Halonen l
ILaboratory o/Physical Chemistry, A.!, Virtasen aukio I, FIN-00014 University o/Helsinki,
Finland
2Department ofMolecular Physics, Alba Nova, University ofStockholm, Roslagstullbacken
21, S-10691 Stockholm, Sweden
The kinetics of the reactions of chlorinated methyl radicals (CH 2Cl, CHCS' and
CCI 3 ) with N0 2 have been studied in direct measurements at temperatures between 220 and
360 K using a tubular flow reactor coupled to a photoionization mass spectrometer [1]. The
radicals have been homogeneously generated at 193 or 248 run by pulsed laser photolysis of
appropriate precursors. Decays of radical concentrations have been monitored in time-resolved
measurements to obtain the reaction rate coefficients under pseudo-fIrst-order conditions with
the amount of N0 2 being in large excess over radical concentrations. The bimolecular rate

Th~

NC

ex~

de\

Ac
tw(

fiU(

coefficients of all three reactions are independent of the bath gas (He or N 2) and pressure within
the experimental range (1 - 6 torr). At room temperature the bimolecular rate coefficients are
k(CH 2 Cl + N0 2)300K = 2.16

X

10- cm molecule-I S- I, k(CHCI 2 + N0 2)300K = 8.90
11

molecule-I S-I, and k(CCI 3 + N02)300 K

3

=

3.35

X

X

12

10- cm

3

10-12 cm3 molecule-I S-l, respectively. In these

reactions, the products observed are formaldehyde, CHCIO, and phosgene (CCI 2 0). In addition,
a weak signal for the HCI formation has been detected for the CHCl 2 + N02 reaction. There is
no experimental evidence on an activation barrier for any of the reactions studied.
[1] A. 1. Eskola, W. D. Geppert, M. P. Rissanen, R. S. Timonen, and L. Halonen, accepted for
publication in J. Phys. Chem. A, article will appear in June 2005 .
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8-13
Free Radicals as Marker Species for Flame Visualisation in Reactive Flows

Felix Giithe l , Niklas TyllP, Andreas Inauen2 , RolfBombach2, Sabine Schenker2, Walter Hubschmidt2
1,

'ALSTOM Switzerland, Brown Boveristr. 7, CH 5401 Baden, Switzerland.
2 Paul Scherrer Institut, CH-5323, Villigen, Switzerland

'1

ALSTOM is a gas turbine manufacturer and supplier of heavy duty power plants.
nd
.nd
'he
of
red
fith

late
hin

The design of combustors and burners is focused on the optimisation of emissions (CO,
NO, and others), combustion stability (pulsations) and material lifetime. Therefore the
experimental observation and theroretical modeling of flames plays a keyrole in gas turbine
development. Especially the heat release zones and distribution of temperature are important.
A combination of laser spectroscopy and intensified imaging techniques is used to determine
two dimensional species concentrations of free radicals like OR or NO (planar laser induced
fluorescence PLIF).
In this contribution a novel variant of PLIF is discussed using NO as a tracer molecule.

are

The combination of planar LIF and spectroscopy is employed to obtain two dimensional

:m3

temperature fields.

ese
on,

e IS

for
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8-14
PFI-ZEKE Spectroscopy of ThO+
Vasiliy Goncharov and Michael C. Heaven
Department ofChemistry, Emory University, Atlanta, GA 30322, USA
The ThO+ cation is of interest as it is a useful prototype for both experimental and theoretical
studies of bonding in a simple actinide compound. Formally the ground state ofThO+ has the
configuration

Th3~(7s)02-,

where there is a single unpaired electron associated with a closed

4

shell Th + ion core. Hence, the low-lying electronic structure of the molecular cation may be
anticipated using elementary ligand field concepts. The first excited states above the X2L +
ground state should be the 2~, 2I1 and 2p states derived from the Th3+(6d)02- configuration. The
next tier of excited states should be associated with promotion of the electron to the Sf orbital.

rno

In the present work we report the first spectroscopic observations ofThO+using the PFI-ZEKE

tha i

technique. Gas phase ThO was generated by pulsed laser vaporization of the metal into a

Abl

flowing mixture of O2 in He. Rotationally resolved spectra were obtained using two-color
resonant excitation with pulsed field ionization. The ionization energy ofThO was found to be

nev

in 1

53253.8(2) cm-I, some 4000 cm- I higher than the accepted literature value. The X2L +,

autl

2~

and

2I1 states ofThO+ have been characterized. Extensive vibrational progressions were observed,

fe~

indicating that the Franck-Condon factors were of secondary importance in determining the

Soc

relative intensities of the transitions. As compared to the ground state of neutral ThO, the
vibrational frequency ofThO+(X) was higher and the bond length shorter. However, in apparent

mel
wri "

contradiction to these trends, the bond dissociation energy of ThO+ was found to be less than

in 11

that of ThO.

or (

Pitzer and Tyagi have carried out high-level theoretical calculations for the ground and low

Dat

lying states of ThO+. Comparisons of these calculations with the experimental results will be

furt

presented.
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High-Resolution Molecular Spectroscopy Database
Eizi Hirota 1, Akifumi Oikawa 1, Hideto Kanamori2, Hilofumi Yamamoto\
and Umpei Nagashima4
IThe Graduate University for Advanced Studies, Hayama, Kanagawa 240-0193, Japan
2Department ofPhysics, Faculty ofScience, Tokyo Institute of Technology, Ookayama,

ical

Meguro, Tokyo 152-8552, Japan

the

3Faculty ofAsian Studies, Australian National University, Canberra ACT 0200, Australia

ed

4Grid Technology Research Center, National Institute ofAdvanced Industrial Science and

' be
:2L+

Technology, Tsukuba, Ibaraki 305-8568, Japan

fhe

The present database comprises references which report the results of high-resolution

tal.

molecular spectroscopic studies and also of some from related areas. High-resolution means

KE

that the rotational structure is resolved, but the actual coverage of the data is somewhat broader.

oa

About 20,000 references published since early 1950's are collected, and the acquisition of

)lor

new publications will continuously be made to update the database twice a year. Each record

)be

in this database includes the identification number, the chemical fonnula, the title and the

and

author(s) name(s) of the paper, thejoumal name, the volume number, page(s) and year, and a

led,

few keywords. The users can retrieve any word(s) in these items and also derive a KWIC list.

the

Some principal molecular constants, the spectroscopic methods employed, and others worth

the

mentioning are added as image data, which were derived by converting the origina[ hand

rent

written manuscripts prepared by one of the authors, E. H. The database wiH be as large as 2 OB

han

in total. The users may access the database without any charge through (1) http://aci.soken.ac.jp

DW

I be

or (2) http://www.aist.go.jp/RIODB/db094Iindex-j.htrnl. Detailed instructions on the HRMS
Database will be presented at the Symposium, or you may contact ehirota@triton.ocn.ne.jp for
further details of the database.
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The Isomers of the CIO Dimer Revisited.
Cubos Homyl, Martin Quackl, Henry F. Schaefer and Martin Willeke l

'Physical Chemistry, ETH Zurich, Wolfgang-Pauli Strasse 10, CH-8093 Zurich, Switzerland
lCenter for Computational Chemistry, University ofGeorgia, Athens, Georgia 30602, USA
( visiting professor ETH Zurich 2004)
A full understanding of CIO radical dimerization is still lacking despite the immense
experimental and theoretical attention devoted to Cl20 2 ' after its role in the ozone depletion
was proposed by Molina and Molina l. This became particularly obvious after the analyzes of
the first in situ measurements were published over the last year'). We report the first results by
the highly correlated ab initio methods for the isomers of CIO dimer since the work of Lee,
Rohlfing and Rice4 •
The molecular structures of Cl20 2 isomers, and transition states, vibrational frequencies,
vertical excitation energies, and relative energies of 2CIO

--+

Cl20 2 --+ CIOO + CI

--+

OCIO +

CI reactions are reported employing up to the CCSD(T)/aug-cc-pV(Q+d)Z level of theory. The
chloryl chlorite CICI0 2 is observed to be stabilized with respect to chlorine peroxide CIOOCI
when large basis sets with diffuse functions are used, and CICI0 is predicted to lie - 600 cm- I
2

lower than CIOOCI. Our best estimate for the dissociation energy of CIOOCI relative to 2 CIO
is - 6860 cm- I. The chlorine chlorite CIOCIO is weakly bound, by - 3200 em-I. The transition
states optimized at CCSD/aug-cc-pVTZ level of theory are found to lie higher than previously
reported by DFT methods, and the isomerizations appear unlikely under stratospheric condition.
We also discuss the relation to the recent work on parity violation and stereomutation tunneling
in this molecule 6 •
[1] L. T. Molina and M. 1. Molina, 1. Phys. Chern. 91,433 (1987).
[2] R. M. Stimpfie, D. M. Wilmouth, R. 1. Salawitch, and 1. G. Anderson, 1. Geophys. Res.
109,003301 (2004).
[3] M. von Hobe, 1.-U. Grool3, R. Miiller, S. Hrechanyy, U. Winkler, and F. Stroh, Atmos.
Chern. Phys. 5, 693 (2005).
[4] T. 1. Lee, C. M. Rohlfing, and 1. E. Rice, 1. Chern. Phys. 97, 6593 (1992).
[5] K. A. Peterson and 1. S. Francisco, 1. Chern. Phys. 121,2611 (2004).
[6] M. Quack and M. Willeke, to be published.
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Quasiperiodic trajectories in the unimolecular dissociation of ethyl radicals
by time-frequency analysis

nd

Jonas M. Hostettler, Andreas Bach, and Peter Chen

;A

Laboratorium for Organische Chemie, Eidgenossische Technische Hochschule (ETH),
CH-8093 Zurich, Switzerland

:nse

Direct classical trajectory calculations for ethyl radical, C 2H s' at the HCTHI47@6-31+G**!

tion

6-31 G** level of theory support the experimental observation that the dissociation of highly

s of

excited ethyl radicals to ethylene and a hydrogen atom can occur much more slowly than

;;by

predicted by statistical rate theories [1]. OnJy 78% of the trajectories of ethyl radicals prepared

Jee,

in a microcanonical ensemble with 120 kcaVmol excitation energy above the zero-point energy
and zero total angular momentum dissociate to form C 2H 4 + H. The remaining hot ground

:les,

state ethyl radicals have a lifetime» 2 ps, during which a time-frequency analysis finds them

0+

trapped for extended periods of time in long-lived quasiperiodic trajectories [2]. Similar results

The

were obtained by running trajectories prepared with the same excitation energy, but a total

OCI

angular momentum of J=20.

~m-l

CIO
tion

[1] T. Gilbert, T. L. Grebner, 1. Fischer, and P. Chen, J. Chem. Phys. lID, 5485 (1999).
[2] A. Bach, J. M. Hostettler, and P. Chen, J. Chem. Phys. 122, in press (2005).
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8-18
Rydberg-Like Feshbach Resonances in Dissociative Electron Attachment
to Amines and Alcohols
Bogdan C. Ibanescu, Svetlana Zivanov, Olivier May, Patrie Oulevey and Michael Allan

Department of Chemistry, University ofFribourg, Fribourg, Switzerland

The dissociative electron attachment (DBA) spectra of saturated compounds containing the

o and N atoms have recently been shown to be generally dominated by Feshbach resonances
(short-lived radical anions) with double occupation of Rydberg-like orbitals around a cationic
core [1]'. These resonances shift to lower energies with alkyl substitution, in contrast to the
shape resonances, and are found at surprisingly low energies in amines. Feshbach resonances
have been identified already earlier as being responsible for DBA in water [2], ammonia [3],
and other molecules [4] .

b

Cl

e~

IS

pl

pl

This type of processes has gained interest recently in connection with the low-energy
electron-driven chemistry encountered in radiation damage to living tissue and with plasma
processing in material science. We therefore continue this work with the aim of .gaining
fundamental insight into the dynamics of dissociation of the Feshbach resonances. We study
the dependence of the dissociation patterns on the energy of the resonance and the type of alkyl
substitution of the amines.

References
[1] T. Skalicky and M. Allan, J Phys. B 37,4849 (2004).

[2] M. Jungen, J. Vogt and V. Staemmler, Chern. Phys. 37,49 (1979).
[3] K. L. Stricklett and P. D. Burrow, J Phys. B 19,4241 (1986).
[4] R. A. Dressler and M. Allan, Chern. Phys. Lett. 118,93 (1985).
[5] R. A. Dressler and M. Allan, J Chern. Phys. 87,4510 (1987).
[6] R. A. Dressler and M. Allan, J Electron Spectr. Relat. Phenom. 41, 275 (1986).
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8-19

Infrared Spectra of Nitrosamine and Its Cation
Trapped in Solid Neon
Marilyn E. Jacox and Warren E. Thompson
Optical Technology Division, National Institute ofStandards and Technology
Gaithersburg, }J[) 20899-8441, USA
the

;es
mc
the

Penning ionization and photoionization of dilute mixtures of nitrous oxide and hydrogen
by excited neon atoms and their resonance radiation results in the formation of the nitrosamine
cation (H2NNO+), which is trapped in solid neon at 4.2 K. B3LyP /cc-p VTZ calculations provide
estimates ofthe energy, structure, and vibrational fundamentals ofthat species and ofthe various

ces

isomers of the closely related HNNOH cation. Comparison of the observed infrared absorption

)],

patterns for several deuterium-- and nitrogen-I5 substituted isotopomers with the calculated
patterns supports the identification of the nitrosamine cation. Electron recombination leads to

rgy
;ma

the stabilization of uncharged nitrosamine, as well. The previous argon-matrix identification of
that species, produced by the reaction ofNH2 with NO, is confirmed and extended.
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B-20
Cw cavitiy ring down spectroscopy at the near ultra violet region
using a resonant frequency doubling system
Eunsook Kim, Richa Chauhan, Petre Birza l , and John Paul Maier
Department of Chemistry, University ofBasel,
Klingelbergstrasse 80, CH-4056 Basel, Switzerland

Cw cavity ring down spectroscopy has been a powerful high resolution technique in direct
absorption to study molecular structure and dynamics in the gas phase. With the aim ofrecording
electronic transitions of rotationally cold molecules, a cw cavity ring down spectrometer has
been constructed in this group [1].
In the present work, we have developed an experimental configuration in order to record

co

the electronic transitions of rotationally cold carbon radicals at near ultra violet region. For this

pn

purpose, the MBD-200 monolithic block doubler, a resonant frequency doubling system, has

dis

been applied for the first time to achieve high-efficient frequency doubling for use with single

cn

frequency laser sources. The light ofa single mode Ti:Sapphire ring laser, pumped by 8 W solid

fol

state laser, is used as a fundamental beam. The output of the Ti:Sapphire ring laser doubled

fol

by the resonant frequency doubling system is guided through an acousto-optical modulator

tra

(AOM), and the first order deflection is focused into the ring down cavity via a lens that matches

COl

the TEMoo cavity mode. A resonance results in a transmitted light intensity after cavity and is

dis

monitored via a Si-photodiode using a data acquisition system. The absorption coefficient is
obtained as a function of ring down time, and the spectrum is calibrated using a wavemeter
with the accuracy of 0.007 cm· l . This experimental setup covers the wavelength range from
23000 cm· l to 26000 cm· l with sufficient sensitivity for measuring the electronic transitions of
rotationally cold carbon radicals. The performance is demonstrated on the rotationally resolved
origin band spectrum of the A lITu -.A1Lg+ transition of the C) around 24670 cm· l region [2, 3].
The resolution of the recorded spectrum in the present study is 0.01 cm· l (FWHM) as estimated
by narrowest lines.
[1] P. Birza, T. Motylewski, D. Khoroshev, A. Chirokolava, H. Linnartz, and J. P. Maier,
Chemical Physics 283, 119-124 (2002).
[2] L. Gausset, G. Herzberg, A. Lagerqvist, and B. Rosen, Astrophysical Journal 142, 45-65
(1965).
[3] B.J. McCall, R. N. Casaes, M. Adamkovics, and R.1. Saykally, Chemical PhYSics Letters
374,583-586 (2003).
IPresent address: PALMS-UMR 6627 du CNRS, Universite de RENNES 1, Campus de Beaulieu,
35042 RENNES Cedex, FRANCE
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Photodissociation studies of HCFC-141b(CH3-CCI2F) at 157nm using
Photofragment Translational Spectroscopy
Wan-chun Pan l,2, Yin-Yu Leel,Tzan-Yi Dung', Re-Ming Hsieh', Shih-Huang Lee l,
and I-Chia Chen2
lNational Synchrotron Radiation Research Center, ]0] HsinAnn Rd,
Hsinchu Science Park, Hsinchu 30076 Taiwan
~ct

ng

las

2National Tsing Hua University, ]0], Section 2 Kuang Fu Road, Hsinchu 30043,
Taiwan
We have investigated the photodissociation of HCFC-141b(CH3-CC~F) at 157nm using
the technique of photofragment translational spectroscopy (PTS). The experiments were

Ird

conducted with the molecular beam apparatus at TLS and used VlN synchrotron radiation for

11S

product photoionization. The elimination of HCI, CI, and Cl 2 have been identified as primary

las

dissociation processes in the 157nm photodissociation of the Freon. The majority of CI atoms

le
lid

created from an excited-state dissociation as the main channel of the photodissociation. The
following dissociation channels are associated with competition on the ground electronic state

ed

following internal conversion from the laser excited states. These channels include H atom,

:or

translationally slow CI atom and HCI elimination channels. Translationlly fast m1e=44 (HCCF)

es

component is showed in the time-of-flight spectrum, we suggest that an impUlsive three-body

IS

dissociation to yield two HCI molecular process is also exist at the photodissociation.
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Dynamics of radical-radical reactions in crossed beams:
alkyl radicals (CH3 and C 3HJ + oxygen atoms (OCP»
F. Leonori, E. Segoloni, N. Balucani, R. Petrucci, A. Bergeat,l D. Stranges,2 and

P. Casavecchia
Dipartimento di Chimica, Universita di Perugia, 06123 Perugia, Italy
lLPCM, UMR5803, Universite Bordeaux 1, 33405 Talence Cedex France
2Dipartimento di Chimica, Univers ita , di Roma "La Sapienza", 00185 Roma, Italy
While reactive differential cross sections (DCSs) have been measured using the Crossed
Molecular Beams (CMB) scattering technique with "universal" electron-ionization mass
spectrometric detection for a large variety of radical-molecule reactions [1], little has been done
so far on radical-radical systems despite their importance. This is mainly due to the difficulty of
generating radical beams of sufficient intensity to carry out DCS measurements.
We report on the first direct measurements of product angular and velocity distributions for
two important radical-radical reactions: Oep) + CH3(methyl) and Oep) + C3HS (allyl), which are

11

n

e

o

of great relevance in combustion chemistry. We generate Oep) by a radio-frequency discharge
beam source in a quartz nozzle, while the alkyl radicals are produced by flash-pyrolysis in a
SiC nozzle beam source.
These reactions have been investigated extensively from the kinetic standpoint, and also
theoretically [2, 3]; recently, OH product rovibrational distributions were determined by laser
induced-fluorescene for OeP)+allyl in pulsed jets [3]. In our CMB study, the primary products
and their dynamics offormation are derived. Formaldehyde and acrolein are found to be the main
products of the Oep) reaction with methyl and allyl, respectively. The derived center-of-mass

h,

C

+

VI

th
d

product angular and translational energy distributions reflect the geometry of the decomposing
transition states and the energy partitioning, respectively; they are interpreted at the light of

D'

the available electronic structure calculations of the potential energy surfaces (PESs) [3, 4].

(V

The results are expected to stimulate direct dynamics calculations on ab initio PESs for the

c,

prototypical radical-radical 5-atom reaction CH 3 + O.
[1] P. Casavecchia, Rep. Prog. Phys. 63,355-414 (2000); and references therein.
[2] W. Hack et al., Phys. Chem. Chem. Phys. 7, 1977 (2005), and references therein.
[3] S.-K. 100, L.-K. Kwon, H. Lee, 1.-H. Choi, J Chem. Phys. 120, 7976 (2004).
[4] T. P. Marcy, R. R. Diaz, D. Heard, S. R. Leone, L. B. Harding, S. 1. Klippenstein, J Phys.

Chem. A 105,8361 (2001).
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B-23
Dynamics of the Oep)+CZH4 reaction: Identification of five primary
product channels (vinoxy, acetyl, methyl, methylene, and ketene) and
branching ratios by the crossed molecular beam technique with soft
electron-ionization
F. Leonori, G. Capozza, E. Segoloni, N. Balucani, G. G. Volpi,
and P. Casavecchia
Dipartimento di Chimica, Universita di Perugia, 06123 Perugia, Italy
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The crossed molecular beam scattering technique with soft electron ionization (El) [1] is used
to disentangle the complex dynamics ofthe polyatomic Oep)+C2H4 reaction, of great relevance
in combustion and atmosphere chemistry. Since the pioneering work of Cvetanovic in the
mid 1950s many research groups have investigated this reaction, employing a variety of
experimental techniques under different conditions of pressure and temperature, identifying

-or
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only some of the possible products, which has given rise to uncertainties and controversy. In
our laboratory, by exploiting the newly developed capability of attaining the universal product
detection by using soft El, at the collision energy of 54.0 kJ moI-l five different primary products
have been identified, which correspond to the five exoergic competing channels leading to
CH2CHO(vinoxy) + H, CH)CO(acetyl) + H, CH)(methyl) + HCO(formyl), CH 2(methylene)
+ HCHO(formaldehyde), and CH2CO(ketene) + H 2• From laboratory product angular and
velocity distributions, center-of-mass product angular and translational energy distributions and
the relative branching ratios for each channel have been obtained, affording an unprecedented
characterization of this important reaction [2].

lSS

pg

[I] P. Casavecchia, G. Capozza, and E. Segoloni, in "Modern Trends in Chemical Reaction

of

Dynamics: Experiment and Theory" Part 2, Adv. Ser. Phys. Chern. Vol. 14, X. Yang & K. Liu, Eds.

t].

(World Scientific, Singapore, 2004), Ch. 7; G. Capozza, E. Segoloni, F. Leonori, G.G. Volpi, P.

he

Casavecchia, J. Chern. Phys. 120,4557 (2004).
[2] P. Casavecchia, G. Capozza, E. Segoloni, F. Leonori, N. Balucani, G. G. Volpi, J. Phys.
Chern. A 109,3527 (2005) (Letter, Front Cover).
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Molecular Elimination of Br2 in 248 nm Photolysis of Bromine-containing
Molecules Probed by Using Cavity Ring-down Absorption Spectroscopy

Hong- Yi Huang, Wan-Ting Chuang, Ramesh C. Sharma, Ching-Yi Hsu, Ching-Han Hu, and
King-Chuen Lin
Department a/Chemistry, National Taiwan University, Taipei, and Institute 0/Atomic and

u

Molecular Sciences, Taipei 106, TAIWAN
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By usmg cavity ring-down spectroscopy (CRDS) technique, we have observed the

d~

channel leading to Br2 molecular elimination following photodissociation of CHBr3 and

[a

CF2Br2 at 248 run. A tunable laser beam, which is crossed perpendicular to the photolysis laser

pi

beam in a ring-down cell, is used to probe the Br2 fragment in the B 3

II;u - Xl L;

aI
transition

k.i

C(

using the range 515-524 run. The ring-down time lasts 500 ns, so the rotational population of

pI

the Br2 fragment may not be nascent nature, but its vibrational population should be. The
al
quantum yields of the molecular elimination reaction are 0.23±0.05 and 0.03±0.02 for the

Vv

(>

photodissociation of CHBr3 and CF2Br2, respectively. A plausible photodissociation pathway

of

is proposed with the aid of ab initio calculations. The singlet states of bromine-containing

ve
ill

molecules are probably excited at 248 run. These excited states may couple to the high
vibrational levels of the ground state

X

via internal conversion. These vibrationally excited

species readily surpass a reaction barrier to result in Br2 molecular elimination.
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Fall-off Kinetics and the Role of Radical-Molecule Complexes
in the CH3 + 02 (+M) ~ CH3 0 2 (+M) Reaction
over Wide Ranges of Pressure and Temperature
Ravi X. Fernandes, Klaus Luther and Jiirgen Troe
lnstitut for Physikalische Chemie, Universitiit G6ttingen,
Tammannstr.6, D-37077 G6ttingen, Germany

1

The reaction of methyl radicals with molecular oxygen is an elementary step of central
importance in combustion chemistry. Its low pressure rate data have been determined previously
up to very high temperatures. However there is a complete lack of high temperature fall-off data
for the CH3 + 02 combination, especially important for the intermediate temperature range,
where the peroxy chemistry dominates.
In this contribution, we present our recent results of the pressure and temperature

Ie

dependence of rate constants over wide temperature (300-900 K) and pressure (1-1000 bar)

Id

ranges in the bath gases AI and N 2 • The experiments were performed using a special high

er

pressurelhigh-temperature flow cell, with CH3 radicals generated by ns-laser pulsed photolysis

)ll

of

and monitoring the time resolved UV absorption of the CH3 0 2 adduct at 240 nm. High quality
kinetic modeling of the CH30 2 profiles directly led to the determination of the CH3 + 02 (+M)
combination rate constants. These experimental results show very good agreement with
predicted fall-off curves using the theoretical models ofTroe et al.
Van der Waals type radical-molecule complexes as reactants provide a dynamic route

Ie

Ie

alternative to the standard mechanism of combination reactions and long time underestimated.
We have observed an enhancement of the rate constant for CH3 + 02 at very high densities
(> 300 bar), but only at low temperatures

(~

300 K). It is interpreted as experimental signature

ly

of the radical complex mechanism (RCM). This aspect will be discussed in comparison with the

Ig

very strong evidences for the RCM in combination reactions of larger radicals, recently found
ill

our group.
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Potential Energy Hypersurface for Ammonia
Fabio Mariotti l, Roberto Marquardt2 , Martin Quackl, Kenneth Sagui 2, Walter ThieP
and Jing Jing Zheng3
IETH Zurich, Zurich, Switzerland
2
3

UMLV Marne-la-Vallee CEDEX 2 - France

Max-Planck-Institutfur Kohlenforschung, Mulheim an der Ruhr, Germany

The spectroscopy and quantum dynamics of ammonia have been of interest for a long time.
Recently, in our group, we have studied high resolution IR spectrum of ammonia isotopomers
and the related potentials and wave packet dynamics in some details [1,2,3,4].
The present work is intended to extend this towards a highly accurate global description of
NH3 potentials and dynamics. Single reference CCSD(T)[5] and Multi Reference CI
approaches are used and "merged" to describe a global potential energy surface (PES) for

S(

st

sc

te

9·

ammonia, that includes several low lying dissociation channels.
Specially devised fitting functions[6] are defined to allow a full and compact analytical
description of the complete PES. The conical intersection between the NH3~ CZA])NH2+H
and the NH3~eB])NH2+H dissociation channels is described approximatively with the PES
representing for the truly adiabatic ground state.
We aim at quantitatively correct results which can be used in future calculations of the
dissociation and recombination as well as the inversion dynamics.

[1] M. Snels, L. Fusina, H. HoHenstein and M. Quack Mol.Phys. 98,837 (2000)

cc

[2] M. Snels, H. Hollenstein and M. Quack J Chem.Phys. 119, 7893 (2003)

a1

[3] R. Marquardt, M. Quack, 1. Thanopulos and D. Luckhaus J Chem. Phys. 118,643 (2003)
[4] R. Marquardt, M. Quack, 1. Thanopulos, and D. Luckhaus J Chem. Phys. 119, 10724
(2003)

(2002)
[6] R. Marquardt, K. Sagui, W. Klopper and M. Quack J Phys. Chem. B 109, 8439 (2005)
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[5] H. Lin, W. Thiel, S. N. Yurchenko, M. Carvajal and P. Jensen, J Chem. Phys. 117, 11265
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Synthesis of labelled nitroxides :
High temperature alkyl radicals scavengers
Denis Bertin, Christophe Galindo, Sylvain Marque, Paul Tordo

UMR 6517 Equipe CROPS case 542, Universite de Provence, Avenue de ['escadrille
Normandie-Niemen, 13397 Marseille Cedex 20, France.
e-mail .. marque@Srepir1.univ-mrsJr
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The 9-azabicyc10[3.3.1 ]nonan-9-oxyl (ABNO) radical I is known to be a powerful
scavenger of alkyl radicals [1-2]. Moreover most of the alkoxyamines of I are particularly

of
CI
for

stable at high temperature [3]. Nevertheless a mixture of alkoxyamines of I, resulting from the
scavenging of different alkyl radicals by I, can not be easily identified using current analysis
techniques. To perform this identification, we develop some labelled derivatives ofl: the [15N]_

9-azabicyc10[3.3.1 ]nonan-9-oxyl radical II and the endo-3-(tert-butyl)diphenylsilyloxy-9
azabicyc10[3.3.1 ]nonan-9-oxyl radical III.
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In this communication, we present the synthesis, the EPR spectrum and the hyperfine
coupling constants of the nitroxide radicals 2 and 3. The dissociation rate constant of the
alkoxyamines 4 and 5 at T = 403 K will be also presented.
[1] Beckwith, A. L. 1.; Bowry, V. W.; Ingold, K.

u., JAm.

Chem. Soc. 1992,114,4983-4992.

[2] Bowry, V. W.; Ingold, K. U, J. Am. Chern. Soc. 1992,114,4992-4996.
[3] Engel, P. S.; Pan, L.; Ying, Y; Alemany, L. B., JAm . Chem. Soc. 2001, 123, 3706-3715.

)5

121

POSTER SESSION

8-28
Spectroscopic probes of reactive potentials:
Entrance cbannel complexes in helium nanodroplets
Jeremy M. Merritt, Paul Stiles, Gary Douberly, and Roger E. Miller

Department o/Chemistry, University o/North Carolina at Chapel Hill
Recent experimental and theoretical work on the CI + HD [1] and formaldehyde

tl

decomposition reactions [2l have shown the importance of the long-range part of the potential

c

energy surface in determining reaction outcomes in both low temperature and near threshold (high

o

energy) reactions. For rughly reactive species such as radicals, these areas of the potential are
difficult to probe due to their short lifetimes. In our work, we make use ofthe cold environment
of a helium droplet (0.4 K) to help stabilize these complexes, allowing us to trap species in the

2
c

entrance and exit channe1s of the potential. In this contribution we report rotationally resolved

a

infrared spectra for the pre-reactive dimers of halogen atoms [3], aluminum atoms, gallium

a

atoms, and small alkyl radicals (CH 3, C 2H s' C3Hs) with HCN and HF.
Two weakly bound linear complexes between HCN and a gallium atom are observed,

a

whereas only a hydrogen bound complex is found for aluminum. High level ab initio calculations

p

support the premise that the aluminum atoms react barrierlessly with HCN when approaching
the nitrogen end, while gallium atoms experience a small barrier to insertion. Preliminary

P

5'

double-resonance experiments indicate that the absorption of a single infrared photon does
promote the reaction in the case of gallium, giving an upper limit to the reaction barrier of 330 1

d

cm·' with respect to the van der Waals minimum.
I
[1] D. Skouteris, D. E. Manolopoulos, W. Bian, H. J. Werner, L. H. Lai, and K. Liu, Science,
1999,286, 1713.
[2] D. Towsend, S. A. Lahankar, S. K. LEE, S. D. Chambreau, A. G. Suits, X. Zhang, J.
Rheinecker, L. B. Harding, and 1. M. Bowman, Science, 2005, 306, 1158.
[3] 1. M. Merritt, 1. Kupper, and R. E. Miller, Phys. Chern. Chern. Phys., 2005, 7, 67.
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IR Diode Laser Spectroscopy of the VI band ofNiCO
Alonzo Martinez and Michael D. Morse

University of Utah, Salt Lake City, USA

The authors have constructed a pulsed discharge slit jet diode laser spectrometer for

Ide

the investigation of unsaturated transition metal carbonyls.

tial

carbonyls, such as Ni(CO)4, Fe(CO)5, or Cr(CO)6 are mixed with Ar carrier gas and pulsed

igh

out a slit nozzle (200 flm x 15 mm). The nozzle is held open for a period of approximately

are
ent
the

Volatile transition metal

2 ms, during which time an electrical discharge is modulated at a frequency of 15 kHz. This
creates a modulated source of fragment radicals that is probed using a lead-salt diode laser in

led

a Perry multipass cell. Absorption of the laser radiation is efficiently detected using a lock-in

urn

amplifier synchronized to the pulsed discharge frequency.
A spectrum of the

band of NiCO has been recorded in the 2005-2015 cm- I range,

DI

ed,

and the constants detennined from this spectrum are consistent with those obtained from the

Jns

pure rotational spectrum. l The molecule has a

mg

parameters of:

Do

IL+

ground state, and the band gives fitted

I

I

I

= 2010.69289(34) cm- , B" = 0.151094(7) cm- , B' == 0.150244(7) cm- for

ary

Jes

101

58N iCO.

In the course of this work, a nearby band was observed that depleted when the

discharge was on. It was found to be due to the isotopomer of Ni(CO)4 in which one of the
12C atoms is replaced with
B"

Analysis of this parallel band gives

2022.07575(9) cm- I ,

Do =

= 0.034736(2) cm- I , B' = 0.034688(2) cm- I for 58Ni(CO)3 l3 CO.
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1. Yamazaki, E.; Okabayashi, T.; Tanimoto, M. J. Am. Chem. Soc. 2004, 126,1028.
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Preliminary results on the infrared spectroscopy
of large carbonaceous particles
T. Pino l , A.T. Caol.2, E. Dartois2 , L. d'Hendecou~, Ph. Brechignac l

1 : Laboratoire de Photophysique Moleculaire-CNRS, Orsay (France)
2: Institut d 'Astrophysique Spatiale, Orsay (France)

Interstellar carbon chemistry remains poorly understood because important parts of the
carbonaceous material are still not well characterized yet. Depending on the observational
means, from the millimetric to the UV ranges, in emission or in absorption, an intrinsically
biased composition is found making the understanding of the cosmic carbon cycle difficult.
Chains, large aromatic-like clusters or molecules, hydrogenated amorphous carbon, diamond
are materials that are known or thought to be components of the insterstellar medium (ISM).
In particular it is now widely accepted that interstellar "nanograins" having sizes intermediate
between those of the PAHs easily accessible to laboratory studies and those of the "standard"
interstellar grains (ca 50 urn) are Ubiquitous in space. These could provide the link between
the small molecules and the solid phase in the ISM. The nanometer size is related to their
capability of being transiently heated upon absorption of single UV starlight photons, i.e. the
mechanism which is at the origin of the unidentified infrared bands observed in emission,
referred to now as aromatic infrared bands. These nanograins await characterisation of their
intimate structures, therefore laboratory analogues of these nanoparticules are to be
characterized spectroscopically in the gas phase, and adapated high resolution techniques are
to be applied. It is the goal of our new experimental project to study the spectroscopy in the
gas phase of such nanoparticles of astrophysical relevance.
Preliminary results obtained with a new experimental set-up are presented. This set-up
is devoted to the production and characterization of carbonaceous nanoparticles using an
hydrocarbon-rich (presently C2 H2 ), premixed and flat, low-pressure flame as a chemical
reactor. The spectroscopic characterization can be done in absorption and later in emission, in
the solid phase and in the gas phase, isolated in a van der Waals matrix or free-flying, from
the mid-IR to the VUV. Up to now the analysis was made by transmission spectroscopy of
thin film deposits under infrared microscope or trapped on a cold window under FTIR
spectroscopy, and by Time-Of-Flight mass spectrometry. The preliminary results reveal a
strong evolution from aromatic materials containing aliphatic substituents to large polymer
like soot particules. These results are promising and guide the operation of the particle source
to produce astrophysically relevant particles prior to their gas phase study.
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State-resolved (v, J, Ka' K) photo fragment excitation
of formaldehyde near the So and T 1 threshold:
The effect of parent motion on selected rovibrational states of HCO
Marek Tulej, Margarete Meisinger, Gregor Knopp, Andreas M. Walser,
Paul Beaud, Thomas Gerber and Peter P. Radi

Paul Scherrer Institut, General Energy Research, CH-5232 Villigen PSI, Switzerland

e

Recently, we have introduced a novel method for photo-fragment excitation spectroscopy

!ll
,y

(PHOFEX) by simultaneously applying resonance-enhanced degenerate four-wave mixing

t.

(DFWM) and laser induced-fluorescence (UF) [1]. The DFWM spectra are used to reference

,d
~.

the PHOFEX data and provide sensitive information on the relative HCO quantum yield.

~
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In this work, the method is used to obtain rotationally resolved PHOFEX spectra of
formaldehyde for se1ected vibrational bands (2~4~, 2~4~ ,2~4~, 2~5~). The excited levels
cover energies in excess of the H + HCO production threshold throughout the range of
11.7 ~ E ~ 2006.3 cm- I. In this energy range two distinct dissociation pathways participate.

n,

The decomposition via the barrierless So pathway has a loose transition state while the

:ir

TI pathway involves a barrier and therefore a tight transition state [2]. The two states compete

)e

and cause "rotational channel switching". RRKM multichannel calculations fail to appropriately

re

le

explain recent experimental branching ratios [3]. Since the branching ratios crucially depend
on the specific transitions state, the proper theoretical treatment requires additional information

Ip

m

al

In

on rotational effects and tunneling properties. Here, we present state-resolved (v, J, K., K)
PHOFEX spectra and compare the results with the following statistical theories: Prior, Phase
Space Theory (PST) and Statistical Adiabatic Channel Model (SACM).
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[3]

M. Tulej, G. Knopp, P. Beaud, T. Gerber, P. P. Radi, J. Raman Spectrosc. 36, 109
(2005).
L. R. Valachovic, M. F. Tuchler, M. J. Dulligan, T. Droz-Georget, M. Zyrianov, A.
Kolessov, H. Reisler, C. Wittig, J. Chern. Phys. 112, 2752 (2000).
S. S. Kumaran, J. J. Carroll, J. V. Michael, Combust Inst 27, 125 (1998).
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Radical-radical reactions involving very high internal energies: a
computational study of NeD) +

C~F

A.Cimas ' , V.M. Ray6n!, M. Aschi2, 1.A. Sord0 3, C. Barrientos I , A. Largo"
I

Departamento de Quimica Fisica y Quimica Inorganica, Facultad de Ciencias, Universidad
de Valladolid, 47005 Valladolid, Spain; vmrr@qf.uva.es
2

Dipartimento di Chimica, Ingegneria Chimica e Materiali, Universita di L :Aquila, Via
Vetoio (Coppito 2), 1-67010 L 'Aquila, Italy.

3

Laboratorio de Quimica Computacional, Departamento de Quimica Fisica y Analitica,
Facultad de Quimica, Universidad de Oviedo, 33006 Oviedo, Spain

1

t
A very frequent situation in the radical-radical chemistry is the formation, through a
barrier-free pathway, of a very stable intermediate as the initial step, followed by a number of
steps, all of them involving intermediates and products energetically well below reactants and
consequently internally excited.

In this communication we analyse the thermodynamic and kinetic aspects controlling
the mechanism through which the NeD)

+ CHl(2A') reaction proceeds. The singlet PES for

the NeD) + CH2FeA') reaction has been extensively explored at the MP2 and DFT (B3LYP)
levels. The MP2 and B3LYP energies were refined using G2 and CCSD(T) methodologies,
respectively. Besides, kinetic calculations have been carried out in the framework of the
statistical theories. For the unimolecular reactions involving the different intermediates, the
microcanonical rate coefficients have been calculated employing the RRKM theory. After
thermal averaging, according to Boltzmann distribution, the final canonical rate coefficients
were obtained. On the other hand, ab initio molecular dynamics (MD) simulations were carried
out at the ROB3LYP/6-31G level.
As the main conclusion of this work, we will show that the final product of the NeD)

+

CHleA') reaction, among all possible channels, corresponds to the most exothermic species
through pathways not necessarily derived from the topology of the potential energy surface
(PES).
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Diode Laser Studies of the 193 nrn Photolysis of NH3
Gus Hancock, Robert Peverall, Joseph Pollard, Grant A. D. Ritchie, Lucy 1. Russell,
Nicola 1. van Leeuwen

d

Physical and Theoretical Chemistry Laboratory, University ofOxford, South Parks Rd,
Oxford
Time resolved studies of the 193run photolysis of ammonia will be presented. These have been
carried out using an external cavity diode laser operating at around 835 run to probe the nascent
NH2 product on the

A2 Al ~ X 2BI

transition. Both the (0,0,0) and (0,1,0) vibrational levels have

been probed and gain has been observed for certain rotationally resolved transitions from the

a

(0,1,0) level. From the time evolution of the absorption traces, information will be provided on

Jf
ld

the kinetics ofthe vibrational relaxation processes taldng place. Furthermore, Doppler resolved
lineshapes for the nascent photo fragments will be presented.
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Formation ofOH in the reaction of methyl substituted vinoxy radicals
with molecular Oxygen at room temperature
Yoshihisa Sato!, Tatsuo Oguchi2, Hiroyuki Matsui 2, Atsumu Tezaki l
1 University o/Tokyo, Tokyo, Japan
2 Toyohashi University o/Technology, Aichi, Japan
The vinoxy radical (CH2CHO) is the simplest al~enoxy radical, and is produced in the
reactions of Oep) with small olefins, as well as OH with acetoaldehyde. The reaction of
CH2CHO + O2 produces OR, so that it is important for chain reactions in combustion and
atmospheric chemistry. Alkyl substituted vinoxy radicals are also produced in the reactions of
higher olefins + Oep) and H abstraction of aldehyde and ketone I. In this study, we focused on
the reactions of methyl substituted vinoxy radicals with molecular oxygen, where production
of OH radical is particularly concerned.
Laser Induced Fluorescence (UF) technique coupled with pulsed laser photolysis in a flow
reactor was carried out to detect OR radical. Iso-propenyl-methyl-ether and 1
propenyl-ethyl-ether were used for 1- and 2-methyl-vinoxy radical precursors, respectively.
The rate constant was obtained under excess of O2 with Re buffer.
For 2-methyl-vinoxy radical, rate constant was obtained as k=5.9-S.4 x 10- 13 cm3 molecule- 1
S-I at the pressure range of 5-30 Torr, which is in good agreement with the rate determined in
the study of Oguchi et al? in which 2-methyl vinoxy decay was observed. This indicates OR
radical is directly produced in the reaction of 2-methyl-vinoxy radical with 02. OR yield was
also determined as 0.OS-0.02 in pressure _
12
range of 10-100 Torr by comparing signal '(I)
..
intensity with that of R2 + OeD). OR yield ;l 10
u
(I)
CH 3CHCHO+0 2;
decreases with increasing of pressure. ..8 -~• 0
• CH 3CHCHO decay rate 2 0
o OH rise rate
Probably, the peroxy radical channel S 6~
2
CH 2CHO+0 2;
M
• CH 2CHO decay rate
S
becomes dominant at high pressure.
u
4
o OH rose rate
In the case of I-methyl-vinoxy-radical, M
<::,

however, the photolysis of 1- propenyl ,........ 2~f"I rIJ· •
methyl-ether was found to produce OR. This ~ 0
0.2
disturbs appropriate analysis of the OR time
profiles. We are attempting to obtain rate
and yield of OR by producing I-methyl
~
vinoxy with R abstraction of acetone by Cl.
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Dehydrogenated Polycyclic Aromatic Hydrocarbons as Diffuse Interstellar
Bands carriers?
Damian L. Kokkin and Timothy W. Schmidt.

School a/Chemistry, The University a/Sydney, NSW 2006, Australia
Recently attention has shifted towards PAR derivatives in the interstellar medium
e

as possible carriers of the Diffuse Interstellar Bands. We have carried out a computational

~f

investigation on a series of linear dehydrogenated polycyclic aromatic hydrocarbons with the

d
f

goal of providing a guide to future experimental investigations on these and other systems, and

n

that these systems have strong in plane A' and out of plane A" absorption transitions within the

n

to gauge the effects of dehydrogenation on the absorption spectrum of a PAR. It was found
visible region of the spectrum confirming that these molecules may be considered candidate
carriers of the diffuse interstellar bands.

'I

r.
I

n

f

s
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New Spectroscopic and Dynamical Measurements on Methylene
Trevor J. Sears, Gregory E. Hall, Yangsoo Kim and Anatoly V. Komissarov

Department a/Chemistry, Brookhaven National Laboratory,
Upton NY 11973-5000 USA

We have used ~a combination of laser transient absorption and laser optical-optical
double resonance techniques to detect the clAI state of CH2 and investigate collision-induced
intersystem crossing and rotational energy transfer in the

a-state.

Absorption lines in the

c - asystem were originally reported in 1966 by Herzberg and Johns[1], but the weak spectra
could not be assigned at the time. We have detected and assigned rotationally resolved spectra
via sequential single photon absorptions at visible and near-infrared wavelengths via the
b -state.

In related experiments, we have measured the time dependent absorption of

individual lines in the b -

a

spectrum of CH2 using absorption and laser pump-probe

population transfer methods. The radical was formed by 308 om photolysis of dilute mixtures
of ketene in inert gas. For strong lines, we are able to follow more than 3 decades of decay.
During the first few microseconds, the spectral line widths, shapes and decays vary
systematically with the energy of the absorbing state. As the molecule undergoes more
collisions, the observed decay depends on chemical reaction with unphotolyzed precursor,
collision-induced intersystem crossing to the triplet manifold and vibrational relaxation in
both the singlet and triplet manifolds. After translational and rotational thermalization, we
find absorptions for all measured levels exhibit biexponential decays. The initial decay rate
reflects reactive loss, ISC, and an increasingly significant return flux from a growing
population of vibrationally excited triplet.

At longer times, the coupled singlet/triplet

population decays with a slower, steady-state rate.

Ortho- and para- CH2 levels show

systematic differences, probably due to the different patterns of mixed levels in the two spin
modifications.

[1] G. Herzberg and J. W. C. Johns, Proc. Roy. Soc. Lond. Ser. A 295, 107 (1966).
Acknowledgment: This work was performed at Brookhaven National Laboratory under

Contract No.DE-AC02-98CHl 0886 with the U. S. Department of Energy and supported by its
Division of Chemical Sciences, Office of Basic Energy Sciences.
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Fast intramolecular energy redistribution in ch3i: three different time scales
V Krylov, E. Miloglyadov, M.Quack, G. Seyfang
Lab. Phys. Chemie, ETH-Hoenggerberg, CH-8093 Zurich, Switzerland
The rapid flow of vibrational energy within a molecule is central for the control and as well for the
theoretical description ofunimolecular reactions [1]. It defines the lifetime of vibrationally excited states
and thus the time during which a specific vibrational excitation can control the outcome of chemical

II

reactions [2,3,4]. For not too high densities of states a dependence of the time for intramolecular
vibrational energy redistribution (NR) upon the initially excited vibrational state is expected.

d

Detailed information about intramolecular energy redistribution can be obtained directly from time

e

resolved pump-probe experiments [5,6] or indirectly from time-independent high resolution infrared

a

spectra [3,4].
We have used time-delayed ultraviolet absorption spectroscopy with laser pulses of 150 fs to

a

investigate the vibrational energy redistribution (lVR) in CH3I in the gas phase after excitation of the

e

first overtone of the CH-stretching vibration around 5950 cm- I . Previously, in stationary IR spectroscopy

If

five strongly coupled vibrational states have been identified in the spectrum of CH3I between 5750

e

- 6150 cm- I (V/' + 2vs°(E), 2V, (A,), v, + V/' (E), 2v 40 (A,), 2V/2 (E» at low resolution without detailed
rotational analysis [7]. In our experiments three different relaxation times of. , = 0.25 - 0.4 ps,

:s

'.

y

e

'[2

=

4 - 6 ps and .3

=

250 - 400 ps could be identified. The relative magnitude of the three different

relaxation processes strongly depends on the selected NIR pump frequency and can be explained by
different relaxation pathways for the different excited vibrational states. For a delay time of Ins between
the NIR pump pulse and the UV-probe pulse the dependence of the measured UV-signal on the NIR
excitation energy is well reproduced by the near-IR absorption spectrum of the 150 fs pump pulse, as
measured with an optoacoustic celL

n

e
e
J

'"
t

v

1

[1] M.Quack and 1. Troe, Theoretical Chemistry: Advances and Perspectives 68, 199 (1981)
[2] M.Quack, n Nuovo Cimento, 638, 358 (1981)
[3] M.Quack, Annu. Rev. Phys. Chern. 41, 839 (1990)
[4] M.Quack, in "Femtosecond Chemistry", p 781, eds: J.Manz and L.Woeste, Verlag Chemie
(1995)
[5] C.G.Elles, M.J.Cox, and FFCrim, J. Chern. Phys. 120, 6973 (2004)
[6]VN.Krylov, M.VNikitchenko, M.Quack, and G.Seyfang, Proc. SPIE 5337, 178 (2004)
[7] M.M. Law, J. Chern. Phys. 111,20021 (1999)

131

POSTER SESSION

8-38
Electronic absorption spectra of carbon cations, C/ n=6-9, in 6 K neon
matrices
A. Batalov,! 1. Shnitko; J. Fulara2, J. P. Maier l

Department ofChemistry, University ofBasel, Klingelbergstrasse 80,

I

CH-4056 Basel, Switzerland
2

Institute ofPhysics, Polish Academy ofSciences, AI. Lotnikow 32 - 46,
PI - 02 668 Warsaw, Poland

The C o+ n = 6 - 9 cations were produced by electron impact ionization ofthe cyclic precursors

c

C 6C1 6, C6Br6 and CIOCI g, mass - selected and their electronic and infrared absorption spectra in

m

6 K neon matrices recorded. Linear and cyclic forms ofC/ [1], C/, C g+ [2] have been observed.

el

The 2rrg ~ X 2rru electronic transition oflinear C 6+ has its origin band at 646 run whereas for the

1.

(2) 2B2 ~ X 2Al system of the cyclic isomer it lies at 570 run. An infrared active fundamental
mode in the ground electronic state ofC/ is observed at 2092 and 1972 cm- l for the linear and

al

cyclic isomer, respectively. Three systems of linear C/ are observed with origin bands near

tb

770, 332 and 309 run. The cyclic C/ shows two transitions near 676 and 448 nm. Linear C g+

ef

shows five dipole allowed electronic transitions from the X 2rrg ground state, and the strongest

C

ones have the origin bands at 890.8 and 308.1 nm. Five electronic transitions of cyclic Cg+ are
also discernible. One system of linear C/ is observed with the origin band at 371 nm [2].

w

fo

[1] J. Fulara, E. Riaplov, A. Batalov, 1. Shnitko, J. P. Maier, Journal ofChemical. Physics, 120

re

(2004) 7520.

c:

[2] J. Fulara, 1. Shnitko, A. Batalov, J. P. Maier, submitted

w
T1
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8-39
H02 and OH Measurements in Photolytically Initiated Oxidation of
Dimethyl Ether
Kotaro Suzaki I, Takahisa Chinzei I , Kentaro Tsuchiya2, Mitsuo Koshi 3, Atsumu Tezaki I

IDepartment 0/ Mechanical Engineering, The University o/Tokyo, Japan
2National Institute 0/Advanced Industrial Science and Technology, Tsukuba, Japan
3Department o/Chemical System Engineering, The University o/Tokyo, Japan
Time-resolved productions of H0 2 and OH have been investigated in photolytic
Cl-initiated oxidation of Dimethyl Ether between 296 K and 650 K, using frequency

1

modulation spectroscopy in a Herriott type multi-path cell. H02 was detected at the fIrst
electronic transition and OH was detected at the vibrational overtone, both in the region of

'"'"'

.I
~

r
+

.t
e

1.43/lm.
The H02 profIle at around 600 K shows a gradual rise slower than that of small size
alkanes [1]. On the other hand, the OH profIle shows a rapid rise with a peak yield larger than
that of small size alkanes. In the existing DME oxidation model of Curran et al. [2], an
effective mechanism of around 600 K is via CH 30CH2 + O2 <=> CH30CH20 2 (RI),
CH30CH20 2 <=> CH 20CH20 2H (R2), CH20CH20 2H ~ OH + 2 HCHO (R3), HCHO + OH
~ HCO + H 20 (R4) and HCO + O 2 ~ H0 2 + CO (R5). However, th.e H02 and OH profIles
were not reproduced in this mechanism. In order to represent the rapid rise of OH, the direct
fonning pathway of OH is assumed; i.e., CH 30CH2 + O2

o

~

OH + 2 HCHO (R6). The

reaction of OH with CH 30CH202 is also considered; i.e., OH + CH30CH20 2 ~ H0 2 +
CH30CH20 (R 7). In addition, the rate constant of unimolecular decomposition of CH30CH2
was modifIed to suit the experimental conditions. Finally both profIles are well reproduced.
Though the rate constant of (R 7) is set as high as the collision frequency, the OH + HCHO
pathway was found to be dominant for the H02 formation at around 600 K. A potential energy
diagram of the CH30CH2 + 02 reaction system was constructed using G2M (CCI) II
B3PW91/cc-pTVZ level of theory. This calculation shows that the formation of OH from
CH 20CH20 2H is the most favorable pathway. In this calculation, we found another pathway
leading to R0 2 formation via CH20CH20 2H ~ HOCH20CH20
(R8). The H02 profIles are also reproduced when (R8) is included.

~

HCRO + HCO + H20

[I] E. P. Clifford, J. T. Farrell, J. D. Desain, and C. A. Taatjes, J Phys. Chem. A 102,
11549 - 11560 (2000)
[2] H. J. Curran, W. J. Pitz, C. K. Westbrook, P. Dagaut, J. C. Boettner, M . Cathonnet,

Int. J. Chem. Kint 30, 229 - 241 (1998)
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Photodissociation and photoionization
ofOH and SH radicals
D.C. Radenovic l.. S.-M. Wul,AJ.A. van Roijt, D.A ChestakovI,AT.J.B. Eppinkl,
J. J. ter Meulen l, D.H. Parker l, M.P.J. van der L002, G.C. Groenenboom2,
M.E. Greenslade3 and M.1. Lester3
I

Department ofMolecular and Laser Physics, Radboud University Nijmegen, Toernooiveld
1,6525 ED, Nijmegen, The Netherlands
2

3

Institute of Theoretical Chemistry, University ofNijmegen, Toernooiveld 1,6525 ED,
Nijmegen, The Netherlands

Department of Chemistry, University ofPennsylvania, Philadelphia, Pennsylvania 19104
6323, USA

Hydroxyl (OH) and mercapto (SH) radicals are important free radicals in combustion
processes and atmospheric chemistry. Their photodissociation study as well as (2+ 1) REMPI of
OH and SH radicals in the ultraviolet regime using the velocity map imaging technique gives
very useful infonnation about molecular electronic states and interaction between them, also
about a branching ratios, angular distributions and alignment of the atomic products coming
from photodissociation. The OH and SH molecules are produced in an electrica'l discharge of
a pulsed H20 beam seeded in Ar and an H2S beam seeded in Xe, respectively. An electrostatic
hexapole was used as a spatial filter of molecules to select A-doublet and MJ substates of the
rotational ground state of the OR and SH radicals. The (2+1) REMPI spectra ofOH and SH via

(2 L-_ -flrr3/2 ) have been assigned and showed that the beam was cold.
The images from photodissociation of OH are due to one-photon dissociation. Direct
dissociation by absorption of vibration ally hot OH molecules in the x2rr state to the repulsive

12L- state takes place. The analysis of interesting imaging data of S(3PJ) and S(ID) from the
photodissociation of SD is ongoing.

134

POSTER SESSION

B41
Intra-molecular interactions during the fragmentation of small systems.
R. O. Thomas l, A. Ehlerding l, W. Geppertl, F. Hellberg I , M. Larsson l, V Zhaunerchyk l,

M. BahtP, M. Bannister2, M. Fogle 2, C. R. Vane 2, A. Petrignani3,
W. J. van der Zande4, P. Andersson 5 , and 1. B. C. Pettersson5
'Department o/Physics, Stockholm University, S106 91 Stockholm, Sweden
2Physics Division, Oak Ridge National Laboratory, Oak Ridge, Tennessee 87831-6377, USA
3FOM Institute AMOLF, Kruislaan 407, 1098 SJ Amsterdam, The Netherlands
4Molecular and Laser Physics, Radboud University Nijmegen, 6525 ED Nijmegen, The Netherlands
5Department o/Chemistry, G6teborg University, SE 41296 G6teborg, Sweden
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Recent dissociative recombination (DR) experiments have investigated the role of the
parent ion's structure, bonding and charge centre on the DR process. For examples, in the DR
of the N 20/[1] and 0 5° 2"'"[2] cluster ions, the dominant product channels greatly reflect the
structure of the parent ion, NO+·NO [1], and O 2°'0+'02°[2] respectively, and the question
arises on the role played by the "neutral" constituent in the cluster, i.e. as spectator or participant.
To investigate this question we have studied the DR of one of the simplest such systems,
Li+·H2 , which is a weakly bound cluster with the charge centre located on the lithium atom.
We have further investigated the role of bonding and structure in the DR process by studying
Both these systems represent excellent models for providing
the fragmentation of ozone,
insight into the dynamics occurring in the fragmentation of small systems.
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[1] Petrignani et ai. submitted to J. Chern. Phys.
[2] Nagard et ai. J. Chern. Phys. 117,5264 (2002)
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Deep-Ultraviolet Quantum interference metrology with
ultrashort laser pulses
S. Witte, R. Zinkstok, W. Ubachs, W. Hogervorst, K.S.E. Eikema
Laser Centre Vrije Universiteit Amsterdam, The Netherlands
The invention of frequency comb lasers, based upon the techniques of phase stabilisation
of ultra-short femto-second pulsed lasers bring about a revolution in laser technology and the
art of accurate measurement in the optical regime [1,2]. For future atomic clocks and references
it would be highly advantageous to be able to perform measurements as deep as possible in the
ultraviolet, extreme ultraviolet or even the x-ray regime: the averaging times required to obtain
the clock standards could be significantly reduced.
As an important step in this direction we have demonstrated the use of amplified and
frequency upconverted pulses from a phase-stable frequency comb laser, of which the repetition
frequency is locked to a Rb atomic clock (and furth corrected by GPS signals). This demonstration
was performed by accurately measuring a two-photon transition in the krypton atom. With the
pulses at wavelengths of 212 nm and the two-photon scheme, effectively energies of 1l.7 eV
are bridged.
In the spectroscopic application the so-caUed Ramsey method of time-separated
oscillatory fields is followed, in which the phase evolution of the excited state wave
function in an atom is read out, after a set and measured time delay, by comparing it with the
phase evolution of the phase stable laser. The experiment also demonstrates that it is possible to
retain phase stability in schemes using short wavelengths and that in principle, by using similar
conversion schemes, it can be used to bridge larger gaps with the prospect of indeed bringing
phase stability to the x-ray regime.

r

r

r
(

[1] D.l. Jones et aI, Science 288, 635 (2000).

[2] Th. Udem et ai., Nature 416,233 (2002).
[3] S. Witte, R. Th. Zinkstok, W. Ubachs, W. Hogervorst, K.S.E. Eikema, Science 307,400 (2005)
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8-43
New Features of the MOGADOC Database
(Molecular Gasphase Documentation)
JUrgen Vogt and Natalja Vogt
Arbeitsgruppe Chemieinformationssysteme
Universitiit Ulm, D-89069 Ulm, Germany
Juergen. Vogt@Uni-Ulm.de
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Natalja. Vogt@Uni-Ulm.de

In order to facilitate the access to structural and related properties of free molecules, the

Section for Spectra and Structure Documentation at the University of Ulm has compiled and
critically evaluated for more than three decades literature in the field of electron diffraction,

Id

microwave spectroscopy and molecular radioastronomy. On this basis the MOGADOC database

m
m

(the acronym is standing for Molecular Gasphase Documenation) has been developped for IBM

Ie

compatible personal computers.

v

'e

le

MOGADOC enables the user to trace literature
•

for gas-phase electron diffraction back to 1930,

•

for microwave spectroscopy back to 1945

•

and for molecular radio astronomy back to 1965.

:0

The hierarchically constructed database contains now over 31,600 bibliographic

lr

references for 9,200 inorganic, organic and organometallic compounds including 7,400

g

numerical datasets with internuclear distances, bond angles and dihedral angles. The standard
retrieval features of the WWW browser supported database has been described elsewhere in
detail [1,2]. By means of an implemented Java-based structure editor the user can search for
structural formulas and their fragments [3]. Hereby one has the option to take into account or
to ignore cis-trans-isomerism in ring systems or {E)-{Z)-isomerism at double bonds during the
structure retrievals.
Presently we are developing a Java-based applet, which enable the users to visualize
three-dimensionally the molecular structures. The users can interactively rotate, shift and scale
the displayed 3D structures by mouse movements. A demonstration ofthe MOGADOC database
will be presented.
The project has been supported by the Dr. Barbara Mez-Starck Foundation.
[1] J. Vogt and N. Vogt: Struct. Chern. 14 (2003) 137-141
[2] J. Vogt, N. Vogt, and R. Kramer: J. Chern. Inform. Comput. Sci. 43 (2003) 357-361
[3] J. Vogt and N. Vogt: J. Mol. Struct. 695 (2004) 237-241
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8-44
PGOPHER: A General Purpose Program for Simulating Rotational
Structure
Colin M Western
School ofChemistry, University ofBristol, Cantock s Close, Bristol BS8 1TS, UK

We have just released a general purpose program for simulating and fitting rotational
spectra. It represents a distillation of several programs written and used over the past decade or
so within the Bristol laser group and elsewhere, and the current version is a re-write from scratch
to produce a general purpose and flexible program. PGOPHER will handle linear molecules and
symmetric and asymmetric tops, including effects due to unpaired electrons and nuclear spin.
The program can handle Raman, multiphoton and forbidden transitions, perturbations between
multiple states and can fit to line positions or band contours.
It is designed to be easy to use; it uses a standard graphical user interface and the

program is currently in use for undergraduate practicals and workshops as well as research
work. It has features to make comparison with, and fitting to, spectra from various sources easy.
In addition to overlaying numerical spectra it is also possible to overlay pictures from pdf files
and even plate spectra to assist in checking that published constants are being used correctly.
The program is freely downloadable from a supporting web site at Bristol (http://pgopher.chm.
bris.ac,uk), for Windows, with beta versions available for Linux and Apple Mac. The program
is released as open source, and can be compiled with open source tools.
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8-45
A PFI-ZEKE photoelectron spectroscopic study of the
lowest bending levels of the quasilinear X+ 3Bl state of
NH+
2
Stefan Willitsch l and Frederic Merkt 2

1

r

I

Department of Chemistry, University of Oxford, Chemistry Research Laboratory,

il

Mansfield Road, Oxford OXI 3TA, United Kingdom

i

2

Physical Chemistry, ETH ZUrich, 8093 ZUrich, Switzerland
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11

The bending level structure of the quasilinear

X+ 3BI

state of NHt was studied by PFI

ZEKE photoelectron spectroscopy using an infrared-vacuum-ultraviolet two-photon ex
citation scheme via selected rovibronic levels of the
time, the positions of all rovibronic levels of the

Vil, in

:::;

4,

it :::;

A 2 Al

X+ 3BI

state of NH 2 • For the first

state with quantum numbers

2 and N+ :::; 4 could be determined experimentally. A compari

son with recent rovibronic structure calculations [1,2] will be presented. The bending
level structure exhibits marked deviations from harmonic behaviour which are attributed
to the presence of a potential barrier at the linear geometry. The rotational structure
is consistent with the one of a linear molecule in all observed vibrational states indi
cating that all bending levels are situated close to or above the barrier maximum and
that NHf is effectively linear in its ground electronic state. The ionisation energy of
NHf was determined to be IE CX+ 3B I )=90084.0(6) cm- I . In combination with the
recently determined value of the ionisation energy of the lowest singlet state of NHf
(IE (a+ I Ad=100305.8(8) cm- I [3]), an accurate value for the singlet-triplet splitting in
NHf could be determined (~To

CX+ 3B b a+ IAd=10221.8(10) cm- I ).

[1] P. Jensen,J. Mol. Spectrosc. 181,207 (1997).
[2] G. OsmaIU1, P. R. Bunker, P. Jensen, and W. P. Kraemer, J. Mol. Spectrosc. 186, 319
(1997).
[3] S. Willitsch, J. M. Dyke and F. Merkt, Mol. Phys. 102,1543 (2004).
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High-resolution Photoelectron Spectroscopy Study of the First
Six Electronic States of Xet
Oliver Zehnderl, Rainer A. Dressler 2, Patrick Rupperl, and Frederic Merkt 1
1 Laboratorium

fur Physikalische Chemie, ETH Honggerberg, CH-8093 Zurich,
Switzerland

2 Air

Force Research Laboratory, Space Vehicles Directorate, Hanscom AFB, MA,
01731-3010, USA

The pulsed-field-ionization (PF1) zero-kinetic-energy (ZEKE) photoelectron spectrum
of Xe2 has been measured between 90000 cm- 1 and 109000 cm- 1 following single-photon

+ 1') resonance-enhanced two-photon
Rydberg state located below the Xe* ([5p]56s'[1/2h) + Xe (1So)

excitation from the ground neutral state [1] and (1
excitation via the O~

dissociation limit of Xe2. A broadly tunable VUV laser system coupled to an electron/ion
time-of-flight mass spectrometer [2] was used. The spectrum consists of transitions from
the ground neutral state

xot

of Xe2 to several vibrational levels of the 1(1/2u), 1(3/2g),

1(3/2u), 1(1/2g), II(I/2u), and II(I/2g) states. The experimental information has been
used to derive potential curves for these states [1].
The potential model treats the three u and the three 9 curves globally and includes the
effects of long-range interactions as wen as the spin-orbit interaction [3]. The potential
parameters (six for the u states and six for the 9 states) have been determined in a least
square fit to the observed levels. The potential curves are of spectroscopic accuracy (i.e.
1-5 cm -1). These curves are compared with the most recent ab initio quantum chemical
predictions [4].
[1]

P. Rupper, O. Zehnder, and F. Merkt, J. Chern. Phys. 121, 8279 (2004).

[2]

P. Rupper and F. Merkt, Rev. Sci. Instrum. 75, 613 (2004).

[3]

A. \iViiest and F. Merkt, J. Chern. Phys. 120, 638 (2004).

[4]

1. Paidarova and F. X. Gadea, Chern. Phys. 274, 1 (2001).
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