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The hole-burning (HB) spectra of phenol-Arn (PhOH-Arn) clusters withn ) 1 and 2 have been measured
in a molecular beam to clarify the possible existence of isomers. Two species were identified to give rise to
signals in the S1-S0 spectrum recorded for then ) 1 cluster; however, one of the species was found to
originate from dissociation of ann ) 2 cluster. Similarly, three species were observed in the spectrum of the
n ) 2 cluster, and two of them were assigned ton ) 3 and larger clusters. The spectral contamination from
larger size clusters was quantitatively explained by the dissociation after photoexcitation. The analysis of the
spectra demonstrates that only a single isomer exists in the molecular beam for both then ) 1 and then )
2 clusters. In addition to two previously detected intermolecular modes, a third low-frequency mode, assigned
to an intermolecular bending vibration, is observed for the first time in the HB spectrum of then ) 2 cluster.
The assignments of the intermolecular vibrations were confirmed by ab initio MO calculations. The observation
of the third intermolecular vibration suggests that the geometry of then ) 2 cluster hasCs or lower symmetry.

1. Introduction

Phenol-Arn (PhOH-Arn) clusters have been studied to
investigate noncovalent interactions since the twilight of
supersonic jet laser spectroscopy.1 PhOH has two major
competing intermolecular binding sites: theπ-ring that induces
a van der Waals bond (π-bound) and the OH group that is a
hydrogen-bond active site (H-bound). Therefore, two different
types of structures,π-bound and H-bound, can be expected to
be global or local minima on the intermolecular potential energy
surface. They can be interpreted as hydrophobic and hydrophilic
structures, respectively. Thus, the PhOH-Arn cluster system
constitutes one of the simplest models to learn about the
competition of hydrophilic and hydrophobic interactions. Be-
cause competition between the hydrophilic and hydrophobic
interactions often plays an important role to determine structures
of biological supramolecular systems, this benchmark system
for hydrophilic/hydrophobic interactions should be characterized
and understood in great detail.

In spite of its simplicity, the structures and isomerism of even
small-sized PhOH-Arn clusters have not been fully determined.
In 1985, Gonohe et al. reported resonant-enhanced multiphoton
ionization (REMPI) and ionization threshold spectra of PhOH-
Arn (n)1,2) for the first time, and concluded that theπ-bound

is favorable in the S0, S1, and cationic states.2 For then ) 2
cluster, a sandwich structure, in which both Ar atoms are located
on opposite sides of the benzene ring, was suggested because
of the additive red-shifts of the S1-S0 transition energy and
the ionization potential in terms of the cluster size.2 Bieske et
al.3 and Mons et al.4 assigned the intermolecular vibrations in
the REMPI spectrum of PhOH-Ar cluster assuming aπ-bound
structure. For the PhOH-Ar2 cluster, Schmidt et al. assigned
the intermolecular vibrations on the basis of the sandwich
π-bound structure.5

The analysis of IR dip6,7 and stimulated Raman spectra8 also
suggests aπ-bound structure for PhOH-Ar in S0 because the
OH stretching (νOH) and skeletal vibrations of bare phenol and
PhOH-Ar were observed at almost the same energy. In
particular, the frequency ofνOH is a good probe for determining
whether aπ-bound or an H-bound structure is observed because
the latter structure will lead to a red-shift of the vibrational
frequency due to the formation of the hydrogen bond.

For the S1 state, Müller-Dethlefs and co-workers measured
the high-resolution REMPI spectrum of PhOH-Ar and con-
cluded theπ-bound case based on the rotational contour of the
0-0 transition.9 They also measured the pulsed-field-ionization
zero-kinetic-energy photoelectron (PFI-ZEKE) and mass-
analyzed threshold ionization (MATI) spectra of PhOH-Ar and
assigned the intermolecular vibrations in the cationic state
assuming aπ-bound structure.9-12 A π-bound geometry in the
cationic state was also supported by the IR spectrum reported
by Fujii et al., in whichνOH was observed at 3537 cm-1, in
coincidence withνOH of bare phenol.13-15

So far, the PhOH-Ar cluster had been believed to possess a
π-bound structure in the S0, S1, and cationic states. However,
this general belief was reversed in 2000 by Dopfer and
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co-workers.16-20 They measured the IR spectrum of the PhOH-
Ar cluster cation produced by electron impact ionization and
observed an intense band at 3464 cm-1, which is clearly red-
shifted from the free OH stretching vibration (3537 cm-1)
observed for the PhOH-Ar cation produced by photoionization.
This red-shifted band was assigned to theνOH mode of the
OH‚‚‚Ar configuration, which means that the H-bound structure
is the most stable geometry in the cationic state. This observation
is fully supported by ab initio MO calculations. The disagree-
ment between the PhOH-Ar cation structures observed by
photoionization (π-bond) and electron impact ionization (H-
bond) can be explained by the differences in the ionization
processes. Photoionization induces a vertical transition according
to the Franck-Condon principle, and the structure of the cluster
is maintained after ionization. Thus, theπ-bound cation arises
from ionization of theπ-bound S0 state via the (1+ 1′) REMPI
process, although it is a less stable conformation. On the other
hand, cluster generation by electron impact ionization does not
have such a restriction, and the most stable H-bound structure
is produced.18,20

If the ionization excess energy is increased, theπ-bound
cluster cation (local minimum) produced by photoionization
might undergo an isomerization reaction toward the H-bound
global minimum. Recently, we detected such an isomerization
reaction in the PhOH-Ar2 cation produced by (1+ 1′)
REMPI.21 We applied picosecond time-resolved UV-UV-IR
dip spectroscopy to the PhOH-Ar2 cluster and measured the
picosecond time-resolved vibrational spectra in the OH stretch-
ing region. Just after ionization, only the freeνOH (3537 cm-1)
of theπ-bound structure was observed, while another red-shifted
νOH (3464 cm-1), which derives from the H-bound structure,
appeared a few picoseconds later. At about 10 ps after ionization,
the π-boundνOH disappeared, and only the H-boundνOH was
observed. This result implies that theπ f H isomerization
reaction occurs in the PhOH-Ar2 cation with 100% yield. In
addition, this reaction was observed even when the cluster cation
was produced at the adiabatic ionization potential, where the
cluster cation was generated in the vibrational ground state.
Apparently,π f H isomerization in the PhOH-Ar2 cluster
cation has no barrier.

In summary, very recent spectroscopic experiments for
PhOH-Arn clusters identified H-bound global minima (n )
1-5)18 and aπ f H isomerization process (n ) 2) in the
cationic state,21 although the H-bound conformation was not
positively expected before. Under these circumstances, the
structures and isomerism of PhOH-Arn clusters should also be
re-examined for the neutral ground state. So far, only the
π-bound structure has been observed. However, an extensive
survey as to whether other isomers coexist, such as measuring
hole-burning spectra, has not yet been carried out. In this paper,
we report on the hole-burning spectra of PhOH-Arn clusters
and discuss whether any isomers coexist or not. In addition,
the assignments of the intermolecular vibrations are discussed
because weak vibronic bands can be detected by hole-burning
spectroscopy.

2. Experimental

Figure 1 shows the principle of hole-burning (HB) spectro-
scopy.22-27 A probe laser,νP, is fixed to the S1-S0 transition
of the considered PhOH-Arn cluster. The electronically excited
PhOH-Arn cluster is then ionized by an ionization laser,νION,
which excites the cluster to a slightly higher energy than its
ionization potential in order to avoid dissociation of the clusters
(soft ionization). The ion current of PhOH+-Arn created byνP

andνION is proportional to the population of the zero vibrational
level of PhOH-Arn in the S0 state. Prior toνP, an intense burn
laser,νB, is fired and scanned. IfνB is resonant to one of the
S1-S0 transitions of PhOH-Arn and the cluster is electronically
excited, the ion current of PhOH+-Arn decreases. Thus, by
scanningνB while monitoring the ion current of PhOH+-Arn

arising fromνP and νION, the electronic spectrum of a single
specific species can be measured.

The probe laser,νP, and the burn laser,νB, were obtained by
frequency-doubled dye lasers (Lumonics HD-500; Sirah Cobra-
Stretch), which were pumped by the third harmonics of Nd3+:
YAG lasers (Spectra Physics GCR-170, INDI-40). The ioniza-
tion laser,νION, was obtained by a frequency-doubled dye laser
(Lumonics HD-500), which was pumped by the second har-
monic of a Nd3+:YAG laser (Continuum Powerlite-8010). By
a beam combiner,νP andνION were aligned coaxially and were
introduced to a vacuum chamber from the opposite direction to
νB. The probe laser,νP, and the ionization laser,νION, were fired
simultaneously about 2µs afterνB.

Phenol (Sigma Aldrich, 99% purity), which was purified by
vacuum sublimation, was evaporated at 40°C and expanded
with Ar (4 bar) into the vacuum chamber through a pulsed valve
(General Valve, series 9). A molecular beam was introduced
through a skimmer (dim. 2 mm) into an ionization chamber,
where it was intersected with the three laser beams,νB, νP, and
νION. The generated cations were extracted into a time-of-flight
mass spectrometer by a repeller electrode and detected by a
homemade Even-cup detector.28 Because the intense burn laser
νB produced abundant cations, the ion bunch created byνB was
removed by a pulsed deflector in order to avoid saturation of
the ion detector.

The probe laser,νP, and the ionization laser,νION, were
operated at 20 Hz, while the burn laser,νB, was operated at 10
Hz. Thus, we could obtain aνB + νP + νION signal and aνP +
νION signal alternatively. These two signals were separately
integrated and stored in a digital boxcar system (EG&G PARC
4420/4422) after amplification by a preamplifier (NF BX-
31A).29 The integrated signals were recorded by a personal
computer. Fluctuations in the conditions of the pulsed valve
were suppressed by calculating the ratio between the two signals.

3. Results and Discussion

A. HB Spectrum of the PhOH-Ar ( n ) 1) Cluster. Figure
2a shows the (1+ 1′) REMPI spectrum of the PhOH-Ar (n)1)
cluster usingνION ) 32 258 cm-1. The most intense band at
36 316 cm-1 is assigned to the 0-0 transition of π-bound
PhOH-Ar.2-4,10The same REMPI spectrum is also reproduced
with 5× magnification along the vertical axis to show weak

Figure 1. Principle of hole-burning (HB) spectroscopy.
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low-frequency bands. Figure 2b displays the HB spectrum
recorded forνP ) 36 316 cm-1. Because of the intense burn
laser,νB, we successfully observed many weak bands in the
HB spectrum. By comparing these spectra, it was found that
almost all of the bands observed in the REMPI spectrum appear
in the HB spectrum, except for bands at 36 758 and 37 066
cm-1, which are indicated by[ and], respectively. The HB
spectrum measured by fixingνP to 36 758 cm-1 is shown in
Figure 2c. At a glance, it can be found that the two HB spectra
shown in parts b and c of Figure 2 are completely different.
Thus, it is concluded that the electronic transition observed at
36 758 cm-1 derives from a species other thanπ-bound PhOH-
Ar, of which the 0-0 transition is located at 36 316 cm-1.
The band at 37 066 cm-1 was also observed in the HB spectrum
in Figure 2c. This observation implies that the electronic
transitions at 36 316 and 37 066 cm-1 originate from the same
species. Thus, we observed in total two different species in the
REMPI spectrum in Figure 2a, monitoring the PhOH-Ar mass
channel.

In the region below 36 758 cm-1, the new species shows
several intense bands comparable to the bands at 36 758 cm-1

([) or 37 066 cm-1 (]) in the HB spectrum. However, these
bands do not appear in the REMPI spectrum at all. In addition,
a band observed at 36 281 cm-1 in the HB spectrum, which
seems to be a 0-0 transition of the new species, coincides with
the 0-0 transition of the PhOH-Ar2 cluster (n ) 2). According
to these results, it is a natural interpretation that the new species
observed in the HB spectrum in Figure 2c is not a second isomer
of the PhOH-Ar cluster (n ) 1), but a PhOH-Ar cluster

produced by evaporation of one Ar atom from the PhOH-Ar2

cluster (n ) 2).
This interpretation is confirmed by measuring the HB

spectrum of the PhOH-Ar2 cluster (Figure 2e). Also, the mass-
selected REMPI spectrum of the PhOH-Ar2 cluster is shown
in Figure 2d. For the HB spectrum 2e, the probe laser,νP, was
fixed to the 0-0 transition of PhOH-Ar2 (36 281 cm-1),
whereas the ionization laser,νION, was fixed to 31 889 cm-1.
By comparing the two HB spectra in parts c and e of Figure 2,
it is easily found that both spectra are the same. Thus, the bands
observed at 36 316 and 37 066 cm-1 in the mass-selected
REMPI spectrum of the PhOH-Ar cluster (n ) 1) derive not
from an isomer of PhOH-Ar, such as the H-bound isomer, but
from Ar fragmentation of the PhOH-Ar2 cluster (n ) 2).
Therefore, it is concluded that the PhOH-Ar dimer occurs as
a single isomer in the molecular beam expansion. The energetics
of the dissociation process of PhOH-Ar2 is discussed below.

B. HB Spectrum of the PhOH-Ar 2 (n ) 2) Cluster.
Similarly to the PhOH-Ar (n ) 1) cluster, we examined the
existence of isomers for the PhOH-Ar2 (n ) 2) cluster by
comparing the REMPI spectrum2,5,10of PhOH-Ar2 (Figure 2d)
with the HB spectrum (Figure 2e) in detail. The bands observed
in the REMPI spectrum also appear in the HB spectrum, except
for those at 36 710, 36 729, and 36 850 cm-1. Thus, the species
that give rise to these electronic transitions are different from
those of theπ-bound PhOH-Ar2 cluster. To confirm this result,
we measured the HB spectrum by fixingνP to 36 850 cm-1,
represented byb. In the resulting HB spectrum (Figure 2f),
the bands observed at 36 710 and 36 729 cm-1 in the REMPI

Figure 2. (a) REMPI spectrum measured by monitoring the mass peak of PhOH-Ar. (b,c) HB spectra measured by monitoring the mass peak of
PhOH-Ar and fixing the probe laser,νP, to 36 316 and 36 758 cm-1, respectively. (d) REMPI spectrum measured by monitoring the mass peak of
PhOH-Ar2. (e-g) HB spectra measured by monitoring the mass peak of PhOH-Ar2 and fixing the probe laser,νP, to 36 281, 36 850, and 36 360
cm-1, respectively.
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spectrum (Figure 2d) were also observed. Thus, these bands
originate from the same species, giving rise to the electronic
transition at 36 850 cm-1.

The bands detected below 36 710 cm-1 in the HB spectrum
did not appear in the REMPI spectrum. Furthermore, the
transition observed at 36 373 cm-1 in the HB spectrum coincides
with the 0-0 transition of the PhOH-Ar3 cluster (n ) 3).10

Similarly to the HB spectrum of PhOH-Ar, this observation
suggests that the carrier of this transition can also be expected
to be generated by the evaporation of one Ar ligand from
PhOH-Ar3. Figure 3 shows the mass-selected REMPI spectrum
(a) and the HB spectrum (b) obtained by fixingνP to the 0-0
band of PhOH-Ar3. From these spectra, it is concluded that
the sharp bands observed at 36 710, 36 729, and 36 850 cm-1

in the REMPI spectrum in Figure 2d can be assigned to the
electronic transitions of the PhOH-Ar3 cluster, which contami-
nates the spectrum of PhOH-Ar2 due to the evaporation of one
Ar atom.

In addition, a broad background observed under sharp peaks
in the REMPI spectrum (Figure 2d) is not observed in the HB
spectrum (Figure 2e). For example, the broad band with a
maximum at 36 360 cm-1 can be seen in the mass-selected
REMPI spectrum (Figure 2d). However, its correspondence to
the HB spectrum is not clear. To clarify the correspondence,
the HB spectrum was measured by fixingνP to the maximum
of the broad signal represented byO. The resulting HB spectrum
is shown in Figure 2g. The spectral feature is clearly different
from the REMPI spectrum in Figure 2d, and only broad bands
are observed. Therefore, the broad background observed in the
REMPI spectrum in Figure 2d originates from the same species,
which is different from theπ-bound PhOH-Ar2 cluster and
the PhOH-Ar3 cluster. We tentatively attribute this species to
larger PhOH-Arn clusters withn > 3, which give rise to the
signal in the PhOH-Ar2 mass channel by the evaporation of
Ar atoms.

In summary, we have concluded that only a single isomeric
PhOH-Ar2 species is observed in the REMPI spectrum of the
PhOH-Ar2 cluster. Thus, similarly to the PhOH-Ar dimer, the
PhOH-Ar2 trimer occurs as a single isomer in the molecular
beam expansion.

C. Dissociation Process of the PhOH-Ar 2 (n ) 2) Cluster.
The absence of the PhOH-Ar2 bands below 36 758 cm-1 in
the REMPI spectrum of PhOH-Ar (Figure 2a) originating from
the dissociation of PhOH-Ar2 can be explained by the

dissociation energy of the Ar atom. The dissociation energy of
the π-bound PhOH-Ar cation has already been measured by
Müller-Dethlefs and co-workers via MATI spectroscopy and
was reported to be 535( 3 cm-1.11,12On the basis of this value,
S1-S0 transition energies, and ionization potentials of the PhOH
monomer and the PhOH-Ar cluster, we can obtain the
dissociation energies in the S1 and S0 state, which are sum-
marized in Figure 4. The dissociation energy of the PhOH-
Ar2 cluster cation has not been measured. We assumed that the
dissociation energy of the PhOH-Ar2 cluster in the S0 state is
the same as that of the PhOH-Ar cluster in S0, because both
clusters have aπ-bound structure, and the Ar-Ar interaction
in the PhOH-Ar2 cluster is expected to be weak in the neutral.
According to this assumption, we estimated the dissociation
energies of the PhOH-Ar2 cluster in the S1 and cationic states.
The estimated dissociation energy of the PhOH-Ar2 cluster in
the S1 state is almost the same as that of PhOH-Ar (n ) 1)
cluster in S1, which supports our assumption.

For measurements of the 1+ 1′ REMPI spectrum, PhOH-
Arn clusters can dissociate in both the S1 state and the cationic
state. When the REMPI spectrum of the PhOH-Ar cluster (n
) 1) is measured, the electronically excited PhOH-Ar2 cluster
(n ) 2) can dissociate into PhOH-Ar in the S1 state ifνP has
a higher energy than 36 675 (36 282+ 393) cm-1 (Figure 4).
In the cationic state, the PhOH-Ar2 cluster cation can dissociate

Figure 3. (a) REMPI spectrum measured by monitoring the mass peak of PhOH-Ar3. (b) HB spectrum measured by monitoring the mass peak
of PhOH-Ar3 and fixing the probe laser,νP, to 36 373 cm-1, which is the 0-0 transition of PhOH-Ar3.

Figure 4. Energy diagram (/cm-1) of electronic transitions of PhOH-
Arn (n ) 0-2). The values in boxes were obtained based on the
assumption that the dissociation energy of PhOH-Ar2 f PhOH-Ar
+ Ar equals that of PhOH-Ar f PhOH+ Ar in the S0 state.
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into the PhOH-Ar cluster cation ifνP has an energy higher
than 36 553 (68 293+ 518 - 32 258 (νION)) cm-1. In the
REMPI spectrum of PhOH-Ar (Figure 2a), no bands are
observed below 36 758 cm-1. Therefore, the dissociation
processes in both the S1 and cationic state can energetically
explain this threshold consistently.

D. Intermolecular Vibrations of the PhOH-Ar 2 (n ) 2)
Cluster. As mentioned in the Introduction, the PhOH-Ar2

cluster (n ) 2) exhibits theπ f H site-switching dynamics
induced by photoionization.21 This isomerization reaction is not
observed for the PhOH-Ar dimer (n ) 1). To understand why
the isomerization reaction does not occur for PhOH-Ar but
for PhOH-Ar2, reliable information about the accurate geometry
of PhOH-Ar2 is required. According to our previous studies
by picosecond IR spectroscopy, we concluded that the PhOH-
Ar2 cluster in S0 has no H-bound ligand.21 However, we could
not conclude about the specific position of bothπ-bound ligands,
that is, whether both Ar atoms are located on opposite sides of
the benzene ring, represented by (1|1), or whether they are both
binding on the same side, represented by (2|0), respectively.
Both isomeric structures were observed for benzene-Ar2.30 In
previous studies described in the Introduction, the PhOH-Ar2

cluster was suggested to have the (1|1) structure based on the
additive red-shifts both in the S1-S0 transition energy and the
ionization potential with increasing cluster size (forn ) 0-2).
Such an additive red-shift is not observed for the benzene-Ar2

(2|0) isomer. However, the (2|0) structure may explain the
different reactivity between then ) 1 andn ) 2 clusters forπ
f H site switching of PhOH-Arn. Here, we tried to derive
any evidence for the geometry of PhOH-Ar2 from the
intermolecular vibrations, which were sensitively observed by
HB spectroscopy.

Figure 5 shows (a) the REMPI spectrum and (b) the HB
spectrum of PhOH-Ar2 in the vicinity of the S1 origin. In the
REMPI spectrum, two progressions were observed. The assign-
ments reported by Schmidt et al. are indicated in Figure 5a.5

The assignments by Haines et al. are also shown in the lower
part of Figure 5b.10 The vibrational motions of the six possible
intermolecular modes of the (1|1) and (2|0) structures are
depicted in Figure 6. Here, the in-phase and out-of-phase
intermolecular stretching modes are represented byσs andσa,
respectively. The in-phase and out-of-phase sliding modes along
the x-axis and they-axis are represented byâx, ây andλx, λy,
respectively. The symmetry of each mode in theCs point group
is also indicated in the figure, together with the symmetry
correlated with theC2V point group (in parentheses). In previous
assignments, the symmetry of the normal modes of the (1|1)
structure was evaluated in theC2V point group, that is, the OH
group was regarded as an atom. This assumption was used to
explain why only progressions involving two intermolecular
modes are observed.5 In the C2V point group, only two
intermolecular vibrational modes (σs and âx) are totally sym-
metric (a1) and can be observed without vibronic coupling. On
the other hand, because the properCs point group has three
totally symmetric a′ modes (σs, âx, andây), the (1|1) structure
could display three intense vibrational modes in the electroni-
cally allowed S1-S0 transition. Because the (2|0) structure
belongs to theC1 point group, all the intermolecular vibrations
are allowed for this isomer. Schmidt et al. argued that the
appearance of two intermolecular vibrational modes in the
REMPI spectrum is indicative ofC2V symmetry and assigned
the intermolecular modes asσs andâx based on a consideration
of the respective reduced masses.5

Let us discuss now the assignments of the intermolecular
bands observed in the HB spectrum of PhOH-Ar2. According
to the previous assignments,5,10 the transitions at 0° + 14 cm-1

and 0° + 27 cm-1 are assigned toâx
1 and âx

2, respectively.
The intense band at 0° + 36 cm-1 is attributed toσs

1. Almost
all of the bands observed in the HB spectrum can be assigned
by progressions and combinations ofσs and âx, except for a
band at 0° + 20 cm-1, represented by9, which is not observed
in the REMPI spectrum.5,10 The absence of this band in the
REMPI spectrum is probably because of its weakness. In the
HB spectrum, weak transitions are enhanced owing to saturation
effects. Consequently, the HB spectrum provides more spectral
information compared to the REMPI spectrum. As mentioned
above,ây is forbidden in theC2V approximation but is allowed
in Cs symmetry. Therefore, the transition strength forây is
expected to be weaker than those ofσs andâx. Thus, we assign
the band at 0° + 20 cm-1 to ây

1. This mode occurs also in
combination with a progression inâx. On the basis ofσs, âx,
andây, we can assign all of the low-frequency bands in the HB
spectrum of PhOH-Ar2. The intermolecular vibrations ac-
companying other skeletal vibrations of the phenol chromophore
were also assigned. The observed vibrational frequencies and
assignments are listed in Table 1. The intermolecular vibration
ây could not be detected for the region of the skeletal vibrations.
The skeletal vibrations are weaker than the origin, thus the
absence of the combination vibration between the skeletal and
ây vibrations is due to its weakness.

To support the assignments, the vibrational frequencies
of the intermolecular modes in S0 of PhOH-Ar2 were
also determined by ab initio MO calculations at the
MP2/6-311++G(d,p) level using the Gaussian03 program.31 The
calculated frequencies for the (1|1) and (2|0) isomers are listed
in Table 2, together with the frequencies observed in S1. The
order of the vibrational frequencies is well reproduced by both
the (1|1) and the (2|0) isomers. The good reproduction of the
experimental frequencies measured in S1 by the calculated
frequencies in S0 suggests that the geometry and interaction

Figure 5. REMPI spectrum (a) and HB spectrum (b) of PhOH-Ar2

in the vicinity of the electronic S1 origin.
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energy of the cluster is not changed much upon photoexcitation.
This conclusion is consistent with the observation that the S1

origin is the strongest band in the REMPI spectrum and that
the observed intermolecular progressions are short.

The appearance of the third intermolecular vibrational mode
clearly suggests that the geometry of the PhOH-Ar2 cluster
has Cs or lower symmetry (neglecting effects of vibronic
coupling), which is compatible with both the (1|1) and the (2|0)
isomer, respectively. We tried to find a fourth intermolecular
vibrational mode because the appearance of such a fourth
vibrational mode would be positive evidence ofC1 symmetry,
which is only consistent with the (2|0) structure. However, such
a low-frequency band was not assignable. As described in the
Introduction, the additive red-shift is indicative of the (1|1)
structure. However, it is also true that no logical and definitive
evidence to exclude the (2|0) structure has been obtained until

the present time. High-level quantum chemical calculation and/
or high-resolution spectroscopy should be applied to unambigu-
ously determine the geometry of the PhOH-Ar2 cluster.

4. Conclusion

We have measured and analyzed the hole-burning (HB)
spectra of PhOH-Ar and PhOH-Ar2 to investigate whether
several isomers of these clusters coexist in a molecular beam
expansion. Two species have been identified in the HB spectra
of PhOH-Ar, however, one was found to originate from
fragmentation of PhOH-Ar2. Similarly, three species were
observed in the HB spectra of PhOH-Ar2, and two of them
were found to stem from dissociation of PhOH-Arn with n g
3. Thus, we concluded that PhOH-Ar and PhOH-Ar2 occur
as singleπ-bound isomers in the molecular beam expansion.
On the basis of the binding energy ofπ-bound PhOH-Ar, the
energetics of the dissociation processes observed for both
PhOH-Ar and PhOH-Ar2 are consistent with fragmentation
occurring in the S1 and/or cationic state.

In the HB spectrum of PhOH-Ar2, we observed many
intermolecular vibrations sensitively and found a new band. We
assigned this newly observed transition to the second intermo-
lecular bending mode,ây

1. This observation means that the
structure of the PhOH-Ar2 cluster hasCs or lower symmetry,
which is consistent with the previously suggested (1|1) structure.
However, this result does not exclude, in principle, the (2|0)
structure. To definitively determine the geometry of PhOH-
Ar2, high-resolution spectra and high-level quantum chemical
calculations will be carried out in the near future.
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