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Helium nanodroplet isolation~HENDI! is an established
and unique way to carry out spectroscopic investigations of a
broad range of molecular species.1 The very low temperature
of and the very weak interaction with the helium matrix al-
low for the observation of significantly simplified spectra. As
the superfluid environment is similar to the gas phase, fre-
quently rotational structure can be observed.

In the present work, we have taken advantage of the fact
that bolometric detection allows for the observation of spe-
cies that do not fluoresce or do so too weakly to be observed
by conventional optical spectroscopic detection systems. By
using a beam depletion bolometric detection method, we
have been able to observe the S1←S0 excitation spectra of
complexes of perylene with one or more molecules of oxy-
gen. Because of the quenching properties of molecular oxy-
gen, this experiment would not have been possible using
fluorescence detection. To our knowledge, no gas phase mea-
surements of the perylene-oxygen complex S1←S0 excita-
tion spectra have been reported to date in the literature. Since
the work we report here is a preliminary study, as we present
the results, we will explain why we believe that HENDI
spectroscopy can provide new insights into the very impor-
tant process of fluorescence quenching.

The HENDI spectrometer used in these experiments has
already been described in detail elsewhere2 and we will only
briefly describe the features that are particular to the experi-
ments reported here.

Perylene is evaporated in an oven at a temperature of
135 °C which corresponds to a vapor pressure of about 0.1
mbar. The droplets cross a 2 cmlong heated~190 °C! pick-up
cell connected to the oven in order to be doped by the mol-
ecules of interest.

The laser source is a frequency-doubled Ti:Al2O3 laser
pulsed at a repetition rate of 2.7 kHz with a bandwidth of the
order of 0.5 cm21. In order to increase the interaction time
between the droplet beam and the laser, we use a multipass
arrangement which makes the laser interact with the droplets
beam at least 50 times.

Upon electronic excitation of the embedded molecules

due to the absorption of a photon, some of the absorbed
energy will be released by the dopant towards the droplet.
This energy will be dissipated by evaporation of helium at-
oms out of the droplet until thermal equilibrium at 0.38 K is
reestablished. Since the evaporated atoms leave the droplet
with random velocity directions, a loss of helium flux in the
direction of propagation of the droplet beam will result from
this process. This depletion of the beam is measured by a
bolometer that acts, in this case, as a thermal flux detector.
Detection at the repetition rate of the laser could not be used
due to the long time constant of the bolometer and the laser
is chopped at 270 Hz, allowing the amplification of the bo-
lometer signal with a lock-in amplifier.

While it is possible to detect in this way the spectra of
fluorescing molecules if enough vibronic energy is released
into the droplet, it is clear that this detection scheme is ideal
to observe spectra of weakly or nonfluorescent species.

To begin with, we have used our beam depletion detec-
tion setup to measure excitation spectra of the perylene
monomer. The spectrum of the 40

1 vibronic band, shown in
Fig. 1, exhibits a typical structure for a polyaromatic hydro-
carbon molecule embedded in a helium droplet3 composed of
a sharp zero phonon line~ZPL! followed at higher energies
by a broad phonon wing~PW!, on top of which additional
structure is observed. This structure has been seen for other
vibronic bands of the transition, and the beam depletion
spectra of the monomer compare well with the laser-induced
fluorescence spectra that have been recorded earlier in the
laboratory4 and remeasured recently by Slenczka and
collaborators.5 We have to point out that perylene is a bad
candidate for bolometric detection because of its large fluo-
rescence quantum yield. However, if perylene is complexed
with oxygen, which is known to be an efficient fluorescence
quencher, we can expect an increase of the detection effi-
ciency.

Figure 2 shows the beam depletion spectra observed
when a pick-up cell filled with molecular oxygen was
crossed by the droplet beam before the perylene pick-up cell.
Several new absorption bands appear to the red of the 00

0
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transition of the monomer located at 24 030 cm21 ~band
‘‘M’’ on Fig. 2 !. By increasing the pressure of oxygen in the
pick-up cell, we can observe the evolution of the relative
intensities of the different bands and propose an assignment.
At 23 984 cm21 the band labeled ‘‘D’’ in Fig. 2 is assigned to
the perylene-oxygen dimer~complex 1:1! and the band la-
beled ‘‘T’’ at 23 910 cm21, which appears at a higher pres-
sure of oxygen in the pick-up cell, is assigned to the
perylene-(oxygen)2 trimer ~complex 1:2!. Other peaks,
marked by asterisks in Fig. 2, are due to the presence of
impurities in the spectrometer and we suspect them to be due
to complexes formed with the systems of interest~monomer
and/or complexes! and molecular nitrogen.

It is interesting to point out that the intensities of the
complex spectra appear to be approximately the same as the
intensity of the monomer 00

0 transition. This is an indication
that the quenching efficiency of molecular oxygen plays an
important role in this case. On one hand, most of the excited
perylene molecules will fluoresce and we can assume that
only a small fraction of the excitation energy will contribute
to the signal observed by beam depletion. On the other hand,
when the fluorescence is quenched by the presence of oxy-
gen, most of the excitation energy will contribute to the
beam depletion signal. Observing the same relative intensi-
ties for the monomer and for the complexes indicates that the
fraction of perylene molecules that are complexed with oxy-
gen is also small. We must, however, be careful when com-
paring the relative intensities out of our data. We would not
only need to know the fluorescence quantum yields, which
are not known, but the amount of vibrational energy depos-
ited is also important in the ratio of the two signal strengths.
We know that the monomer peak shown in Fig. 2 is the
origin of the transition but vibrational assignment of the
complexes spectra has not been made, and we do not know
how much vibrational energy is readily transferable to the
droplet. As a matter of fact, the increase of the base line seen

in Fig. 2 when the pressure is increased in the oxygen
pick-up cell may indicate that the observed bands sit on top
of phonon wings of lower vibronic transitions of the com-
plexes and that ‘‘D’’ and ‘‘T’’ are spectra of complexes vi-
brationally excited in S1 .

The fact that we can observe spectra of the 1:2 complex
is very encouraging. It is known that it is possible to control
the structure of heterogeneous van der Waals complexes in
helium droplets by using different pick-up sequences.6,7 This
is due to the very low temperature of the helium droplets
which makes it difficult for a system trapped in a local mini-
mum of its potential energy surface to isomerize. Hence, if
we first form the dimer of oxygen in the droplet and then add
the perylene, we will not have the same resulting complex as
if we first form the complex perylene-oxygen in the droplet
then add another oxygen molecule. In the first case, we
should form the complex perylene:~oxygen:oxygen!, where
perylene sits next to the oxygen dimer, whereas in the second
case, we can also form the sandwich complex oxygen:peryle-
ne:oxygen where the oxygen molecules are located on each
side of the perylene. By comparison of the spectra obtained
with different pick-up sequences, we think that it will be
possible to study the fluorescence quenching processes from
an unprecedented structural point of view.

a!Present address: Physical and Theoretical Chemistry Laboratory, Oxford
University, South Parks Road, Oxford OX13QZ, UK. Electronic mail:
carcabal@physchem.ox.ac.uk
1The Journal of Chemical Physics,Special Topic: Helium Nanodroplets: A
Novel Medium for Chemistry and Physics. 115, 10065~2001!.

2C. Callegari, K. K. Lehmann, R. Schmied, and G. Scoles, J. Chem. Phys.
115, 10090~2001!.

3M. Hartmann, A. Lindinger, J. P. Toennies, and A. F. Vilesov, Phys. Chem.
Chem. Phys.4, 4839~2002!.

4J. Higgins, J. Reho, F. Stienkemeier, W. E. Ernst, K. K. Lehmann, and G.
Scoles, inAtomic and Molecular Beams: The State of the Art 2000, edited
by R. Campargue~Springer-Verlag, New York, 2000!.

5R. Lehnig and A. Slenczka~private communication!.
6N. Portner, A. F. Vilesov, and M. Havenith, Chem. Phys. Lett.343, 281
~2001!.

7K. Nauta and R. E. Miller, J. Chem. Phys.115, 10138~2001!.

FIG. 2. Excitation spectra of the complexes of perylene with oxygen in
helium droplets taken with~a! traces of oxygen and nitrogen,~b! 7.5 mbar of
oxygen, and~c! 15 mbar of oxygen in the first pick-up cell.

FIG. 1. The 40
1 transition of perylene inside helium droplets obtained by

beam depletion bolometric detection. The sharp absorptions that emerge
from the phonon wing are marked with a star. The oscillation superimposed
to the signal is due to an etaloning effect that occurs while the laser is being
tuned.
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