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ABSTRACT

The two-photon ionization and excitation spectra of fluoranthene in
iguid n-pentane have been measured and together with Jaser power versus
signal intensi.y measurements have been utilized to elucidate the multiphoton

ionization mechanism for this and other mclecules in liguids.

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
empioyees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Reier-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency therenf.

i i i tal Research
*Research sponsored by the Office of Health and Environment ) .
U.S. Department of Energy, under contract W-7405-eng-26 with Union Carbide

| /I%,/Z}

By scceptarce of this arucile, the
publisher or reciptent acknowledges
the US Government's ripht to
retain 8 nonexclusive, toyeity free
licensg 1 and 10 any copyright
covering the srticle

3 LALIMTED
D\S“\\B\“\“\\ gF WS DOCUMENT ¢

g.i)l:\)



AN

MULTIPHOTON IONIZATION AND EXCITATION SPECTROSCOPY OF MOLECULES IN LIQUIDS
K. Siomos, H. Faidas, and L. G. Christophorou
Atomic, Molecular and High Volitage Physics Group
Health and Safety Research Division

Oak Ridge National Laboratory
Dak Ridge, Tennessee 37831

The exact mechanism of multiphoton ionization of molecules in the liquid

phase is a subject of much current discussioﬁ.1 4 Earlier, we have shown™’
that an aromatic molecule dissolved in a dielectric liquid can reach the
"jonization continuum® by absorbing two photons either via a virtual
intermediate state--coherent two-photon excitation process--or via a resonant
state--stepwise excitation process. We have ar‘guedl’4 that the structure we
observed in the two-photon ionization (TPI) spectra viz a virtual intermediate
state can be attributed to the final states in the "jonization continuum"
reached by two-photon absorption. 1n this paper we report the first direct
experimental proof for the above argument. We have studied the TPl and the
two-photon excitation (TPE) spectra of fluoranthene (F) in liguid n-pentane
(n-Pt) at room temperature using linearly polarized light, a TPl conductivity
techm‘que,l'4 and a TPE (fluorescence) apparatus.5 These spectra are shown in
Fig. 1 as a function of the laser excitation wavelength (Aexc) from 450 to
560 nm, corresponding to two-photon excitation energies from =44, 400 to
35,700 cm L (~5.5-4.45 eV).

The following observations can be made from the data in Fig. 1: (i) the
TPI spectrum shows an onset, indicated by the arrow in Fig. 1 at Aexc = 551 pm,
corresponding to a two-photon energy of 4.50 2V which we assigned to the
ionization threshold of F in n-Pt; (3ii) the TPl spectrum is structured; and
(iii) the peaks in the TP1 spectrum in the 480 to 551 nm spectral region,

where a second order power dependence was measured, correspond to peaks in the
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TPE spectrum. Below Aexc = 480 nm. (in this region the power dependence
measurements showed less than a second order dependence) the TPE spectrum
cannot reveal (as does the TPl spectrum) as clear a structure as in the spectral
region above Aexc = 480 nm due to the two-photon excitation, because of the
strong aw ixing of the one-photon fluorescence from the first singlet state of
F. From the above observations, it can be concluded that (i) the peaks in the
TPI spectrum below Aexc = 551 nm can be attributed to autoionization of discrete
states embedded 1in the “ionization continuum" and reached by two-photon
absorption and (ii) two-photon ionization is in competition with internal
conversion to the fluorescing first singlet state of F. Symmetry assignments
for the states involved are presently not possible due to the incompleteness
of our polarization studies. Measurements of the TPE spectrum of F in n-Pt
using circulariy polarized 1ight are in progress.

The 1importance of the present studies together with power dependence
measurements to elucidate the multiphoton ionizatiorn mechanism of molecules in

Tiguids will be discussed.
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Figure Caption

Fig. 1. The two-phcton ionization (1} and the two-photon excitation (2)
spectra of fluoranthene in n-pentane. The arrow around 551 nm indicates the
ionization onset. The polarization of the laser beam is linear and vertical

to the direction of observation.



PHOTOCURRENT (arb. units)

10.0

8.0

8.0

4.0

2.0

0.0

TWO-PHOTON WAVELENGTH (nm)
220 230 240 250 280 270 280

T - T T Y T

FLUORANTHENE
IN n—PENTANE
TPI

440 460 480 500 520 540 580
LASER EXCITATION WAVELENGTH (nm)

10.0

8.0

6.0

4.0

2.0

0.0

FLUORESCENCE INTENSITY (arb.units)



