J. Phys. Chem. R007,111,7569-7575 7569
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The hole-burning (HB) spectra of pherthr, (PhOH-Ar,) 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 &S spectrum recorded for the = 1 cluster; however, one of the species was found to
originate from dissociation of am= 2 cluster. Similarly, three species were observed in the spectrum of the

n = 2 cluster, and two of them were assignedte 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 btk thand 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 ofth& 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 afithe cluster ha&; or lower symmetry.

is favorable in the § S;, and cationic statesFor 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 the1SSy transition energy and

the ionization potential in terms of the cluster stz@ieske et

al.2 and Mons et at.assigned the intermolecular vibrations in
the REMPI spectrum of PhOHAr cluster assuming a-bound
structure. For the PhOHAr; cluster, Schmidt et al. assigned
the intermolecular vibrations on the basis of the sandwich
s-bound structuré.

The analysis of IR dip” and stimulated Raman spectedso
suggests ar-bound structure for PhOHAr in Sp because the

1. Introduction

Phenot-Ar, (PhOH-Ar) clusters have been studied to
investigate noncovalent interactions since the twilight of
supersonic jet laser spectroscdpyPhOH has two major
competing intermolecular binding sites: thaing that induces
a van der Waals bondz{bound) and the OH group that is a
hydrogen-bond active site (H-bound). Therefore, two different
types of structuresy-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 PhOkt, cluster system
constitutes one of the simplest models to learn about the ; St
competition of hydrophilic and hydrophobic interactions. Be- OH Strétching {on) and skeletal vibrations of bare phenol and
cause competition between the hydrophilic and hydrophobic PNOH-Ar were observed at almost the same energy. In
interactions often plays an important role to determine structures particular, the frequency ol is a good pro?’e for determining
of biological supramolecular systems, this benchmark Systemwhether ar-bound or an H-bound structure is observed because

for hydrophilic/nydrophobic interactions should be characterized the latter structure will lead to a red-shift of the vibrational
and understood in great detail. frequency due to the formation of the hydrogen bond.

In spite of its simplicity, the structures and isomerism of even  For the 3 state, Miier-Dethlefs and co-workers measured
small-sized PhOHAr, clusters have not been fully determined. the high-resolution REMPI spectrum of Ph&Ar and con-
In 1985, Gonohe et al. reported resonant-enhanced multiphotorcluded thez-bound case based on the rotational contour of the
ionization (REMPI) and ionization threshold spectra of PROH ~ 0—0 transition? They also measured the pulsed-field-ionization

Ar, (n=1,2) for the first time, and concluded that thebound ~ Z€ro-kinetic-energy photoelectron (PFI-ZEKE) and mass-
analyzed threshold ionization (MATI) spectra of PhOAr and

assigned the intermolecular vibrations in the cationic state
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assuming az-bound structuré-12 A z-bound geometry in the
cationic state was also supported by the IR spectrum reported
by Fujii et al., in whichvoy was observed at 3537 cr in
coincidence withvoy of bare phenol3-15

So far, the PhOHAr cluster had been believed to possess a
m-bound structure in thegSS;, and cationic states. However,
this general belief was reversed in 2000 by Dopfer and
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co-workers'®~20 They measured the IR spectrum of the PhOH ion
Ar cluster cation produced by electron impact ionization and . y
observed an intense band at 3464 ¢nwhich is clearly red- Do—@m’”
shifted from the free OH stretching vibration (3537 Tin
observed for the PhOHAr cation produced by photoionization.
This red-shifted band was assigned to thg mode of the
OH---Ar configuration, which means that the H-bound structure S
is the most stable geometry in the cationic state. This observation 1
is fully supported by ab initio MO calculations. The disagree-
ment between the PhOHAr cation structures observed by lon current
photoionization £-bond) and electron impact ionization (H- Vg Vp
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 SO = m—]- OOO0S0008
is maintained after ionization. Thus, thebound cation arises
from ionization of ther-bound S state via the (3 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?®20

If the ionization excess energy is increased, thbound
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 PhOHAr, cation produced by (1+ 1)

21 i i i - - . .
(F;.EMPI' tWe appl;edtr? |cgshecgs:d tllmet resol\éed i lthh frequency-doubled dye lasers (Lumonics HD-500; Sirah Cobra-
Ip spec r(()istgopy 0 | ed i tfz ¢ ?JS er ?n . n:ﬁas(t;lr_le ‘ teh Stretch), which were pumped by the third harmonics of'Nd
picosecond time-resolved vibrational spectra In the OH SIrelch- yag [asers (Spectra Physics GCR-170, INDI-40). The ioniza-

ing region. Just after ionization, only the fregy (3537 cnt?) tion | btained by a f _doubled dve |
of thesr-bound structure was observed, while another red-shifted (f:misrﬁ;g'ﬂ\'[’)\_l\é%%? V\?r']?fh Wgsa prjr%l;g:qu;y (t)# N gecoyr?d isaert

1 : . ) | ! ;
VoH (346d4 cfrrr ), which dzrlvlef fr(XF tt?e tl-lllcr))oundﬂstr_uct_uretr_, monic of a Nd*:YAG laser (Continuum Powerlite-8010). By
appeared a lew picosecondas fater. At abou ps aiterionization,, peam combinewp andvion were aligned coaxially and were

the 7-boundvoy disappeared, and only the H-boungh was introduced to a vacuum chamber from the opposite direction to

obset.rved. This .restlﬁlt ::r)rr:plles thatt'the—fﬂlj 1|88$er'|2%tlo|n vg. The probe lasen;p, and the ionization laser,on, were fired
reaction occurs in the PhOHAr, cation wi 6 yield. In simultaneously about 2s aftervg.

addition, this reaction was observed even when the cluster cation Phenol (Sigma Aldrich, 99% purity), which was purified by
was produced at the adiabatic ionization potential, where the vacuum sublimation Wa’s evaporateoi at’@and expanded

cluster cation was genera.ted.m the vibrational ground state. with Ar (4 bar) into the vacuum chamber through a pulsed valve
Apparently,n - H_ isomerization in the PhOHAr; cluster (General Valve, series 9). A molecular beam was introduced
cation has no barrier. ) . through a skimmer (dim. 2 mm) into an ionization chamber,
In summary, very recent spectroscopic experiments for \yhere it was intersected with the three laser beamsyp, and
PhOH-Ar, clusters identified H-bound global minima & vion. The generated cations were extracted into a time-of-flight
1-5)'° and az — H isomerization process(= 2) in the mass spectrometer by a repeller electrode and detected by a
cationic staté! although the H-bound conformation was not homemade Even-cup detect8Because the intense burn laser

positively expected before. Under these circumstances, thevB produced abundant cations, the ion bunch createdsyas
structures and isomerism of PhO#r, clusters should also be o moyed by a pulsed deflector in order to avoid saturation of

re-examined for the neutral ground state. So far, only the {ha ion detector.

7-bound structure has been observed. However, an extensive e probe laseryp, and the ionization lasemion, were

survey as to whether other isomers coexist, such as measuringyserated at 20 Hz, while the burn lases, was operated at 10

hole-burning spectra, has not yet been carried out. In this paper..y; Thys, we could obtain @ + vp -+ vion Signal and arp +

we report on the hole-burning spectra of PhO, clusters ., signal alternatively. These two signals were separately

and discuss whether any isomers coexist or not. In addition, jytegrated and stored in a digital boxcar system (EG&G PARC

the assignments of the intermolecular vibrations are discussedy40/4422) after amplification by a preamplifier (NF BX-

because weak vibronic bands can be detected by hoIe-burningGlA)_zg The integrated signals were recorded by a personal

spectroscopy. computer. Fluctuations in the conditions of the pulsed valve
were suppressed by calculating the ratio between the two signals.

N B VB

Figure 1. Principle of hole-burning (HB) spectroscopy.

andvioy is proportional to the population of the zero vibrational
level of PhOH-Ar, in the § state. Prior tap, an intense burn
laser,vg, is fired and scanned. Ifg is resonant to one of the
S1—S transitions of PhOHAr,, and the cluster is electronically
excited, the ion current of PhOH-Ar, decreases. Thus, by
scanningvg while monitoring the ion current of PhOH-Ar,
arising fromvp andvion, the electronic spectrum of a single
specific species can be measured.

The probe lasen;p, and the burn laserg, were obtained by

2. Experimental

Figure 1 shows the principle of hole-burning (HB) spectro- 3. Results and Discussion

scopy??~27 A probe laserpp, is fixed to the $—S, transition A. HB Spectrum of the PhOH—Ar (n = 1) Cluster. Figure
of the considered PhOHAr, cluster. The electronically excited 2a shows the (# 1') REMPI spectrum of the PhOHAr (n=1)
PhOH-Ar,, cluster is then ionized by an ionization lasggn, cluster usingvion = 32 258 cnTl. The most intense band at

which excites the cluster to a slightly higher energy than its 36 316 cm! is assigned to the 00 transition ofz-bound
ionization potential in order to avoid dissociation of the clusters PhOH-Ar.2=410The same REMPI spectrum is also reproduced
(soft ionization). The ion current of PhGH-Ar,, created byp with 5x magnification along the vertical axis to show weak
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Figure 2. (a) REMPI spectrum measured by monitoring the mass peak of P#®Hb,c) HB spectra measured by monitoring the mass peak of
PhOH-Ar and fixing the probe lasew, to 36 316 and 36 758 cmh, respectively. (d) REMPI spectrum measured by monitoring the mass peak of
PhOH-Ar,. (e—g) HB spectra measured by monitoring the mass peak of Ph@kand fixing the probe laserp, to 36 281, 36 850, and 36 360
cm L, respectively.

low-frequency bands. Figure 2b displays the HB spectrum produced by evaporation of one Ar atom from the PhO%,
recorded forve = 36 316 cnTl. Because of the intense burn cluster o = 2).
laser,vg, we successfully observed many weak bands in the This interpretation is confirmed by measuring the HB
HB spectrum. By comparing these spectra, it was found that spectrum of the PhOHAr; cluster (Figure 2e). Also, the mass-
almost all of the bands observed in the REMPI spectrum appearselected REMPI spectrum of the Ph©HTr; cluster is shown
in the HB spectrum, except for bands at 36 758 and 37 066 in Figure 2d. For the HB spectrum 2e, the probe laggrwas
cm™, which are indicated b and <, respectively. The HB fixed to the G-0 transition of PhOH-Ar, (36 281 cntl),
spectrum measured by fixings to 36 758 cm! is shown in whereas the ionization laseron, was fixed to 31 889 cmi.
Figure 2c. At a glance, it can be found that the two HB spectra By comparing the two HB spectra in parts ¢ and e of Figure 2,
shown in parts b and c of Figure 2 are completely different. itis easily found that both spectra are the same. Thus, the bands
Thus, it is concluded that the electronic transition observed at observed at 36 316 and 37 066 tmin the mass-selected
36 758 cn1! derives from a species other thatbound PhOH- REMPI spectrum of the PhOHAr cluster fi = 1) derive not
Ar, of which the G-0 transition is located at 36 316 cf from an isomer of PhOHAr, such as the H-bound isomer, but
The band at 37 066 cmi was also observed in the HB spectrum from Ar fragmentation of the PhOHAr, cluster o = 2).
in Figure 2c. This observation implies that the electronic Therefore, it is concluded that the PhGWr dimer occurs as
transitions at 36 316 and 37 066 choriginate from the same  a single isomer in the molecular beam expansion. The energetics
species. Thus, we observed in total two different species in the of the dissociation process of PhGtAr; is discussed below.
REMPI spectrum in Figure 2a, monitoring the PhOAr mass B. HB Spectrum of the PhOH-Ar, (n = 2) Cluster.
channel. Similarly to the PhOH-Ar (n = 1) cluster, we examined the

In the region below 36 758 cm, the new species shows existence of isomers for the PhGHAr, (n = 2) cluster by
several intense bands comparable to the bands at 36 758 cm comparing the REMPI spectr#hl®of PhOH-Ar, (Figure 2d)
(®) or 37 066 cm! () in the HB spectrum. However, these  with the HB spectrum (Figure 2e) in detail. The bands observed
bands do not appear in the REMPI spectrum at all. In addition, in the REMPI spectrum also appear in the HB spectrum, except
a band observed at 36 281 chin the HB spectrum, which  for those at 36 710, 36 729, and 36 850¢énThus, the species
seems to be a-00 transition of the new species, coincides with that give rise to these electronic transitions are different from
the 0-0 transition of the PhOHAr; cluster 6 = 2). According those of ther-bound PhOH-Ar;, cluster. To confirm this result,
to these results, it is a natural interpretation that the new specieswe measured the HB spectrum by fixing to 36 850 cm?,
observed in the HB spectrum in Figure 2c is not a second isomerrepresented b. In the resulting HB spectrum (Figure 2f),
of the PhOH-Ar cluster i = 1), but a PhOH-Ar cluster the bands observed at 36 710 and 36 729 cim the REMPI
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Figure 3. (a) REMPI spectrum measured by monitoring the mass peak of P4 (b) HB spectrum measured by monitoring the mass peak
of PhOH-Ar; and fixing the probe lasew;, to 36 373 cm?, which is the 6-0 transition of PhOH-Ars.

L

spectrum (Figure 2d) were also observed. Thus, these bands PhOH PhOH-Ar, PhOH-Ar,
originate from the same species, giving rise to the electronic . v
transition at 36 850 cri. cation —g——p— """ 535 v

The bands detected below 36 710¢nn the HB spectrum | | T & A 77 @
did not appear in the REMPI spectrum. Furthermore, the 32279 68628
transition observed at 36 373 chin the HB spectrum coincides 32136
with the 0-0 transition of the PhOHAr; cluster o = 3).10 S, — - % 68452 32011
Similarly to the HB spectrum of PhOHAr, this observation 392 I Y 68293
suggests that the carrier of this transition can also be expected B93 -
to be generated by the evaporation of one Ar ligand from 36349
PhOH-Ar3. Figure 3 shows the mass-selected REMPI spectrum

(a) and the HB spectrum (b) obtained by fixingto the 0-0 Sy y
band of PhOH-Ars. From these spectra, it is concluded that

the sharp bands observed at 36 710, 36 729, and 36 850 cm

in the REMPI spectrum in Figure 2d can be assigned to the

electronic transitions of the PhOGHAr; cluster, which contami-  Figure 4. Energy diagram (/crmf) of electronic transitions of PhOH
nates the spectrum of PhGtAr, due to the evaporation of one  Ar, (n = 0—2). The values in boxes were obtained based on the
Ar atom. assumption that the dissociation energy of PR, — PhOH-Ar

In addition, a broad background observed under sharp peaks™ Ar equals that of PhOHAr — PhOH+ Ar in the  state.
in the REMPI spectrum (Figure 2d) is not observed in the HB dissociation energy of the Ar atom. The dissociation energy of
spectrum (Figure 2e). For example, the broad band with a the z-bound PhOH-Ar cation has already been measured by
maximum at 36 360 cmt can be seen in the mass-selected Miiller-Dethlefs and co-workers via MATI spectroscopy and
REMPI spectrum (Figure 2d). However, its correspondence to was reported to be 535 3 cn1.11.120n the basis of this value,
the HB spectrum is not clear. To clarify the correspondence, S,—$, transition energies, and ionization potentials of the PhOH
the HB spectrum was measured by fixingto the maximum monomer and the PhOHAr cluster, we can obtain the
of the broad signal represented®yThe resulting HB spectrum  dissociation energies in the; @nd $ state, which are sum-
is shown in Figure 2g. The spectral feature is clearly different marized in Figure 4. The dissociation energy of the PROH
from the REMPI spectrum in Figure 2d, and only broad bands Ar, cluster cation has not been measured. We assumed that the
are observed. Therefore, the broad background observed in thalissociation energy of the PhGHAr; cluster in the gstate is
REMPI spectrum in Figure 2d originates from the same species,the same as that of the PhGHAr cluster in $, because both
which is different from ther-bound PhOH-Ar, cluster and clusters have a-bound structure, and the AAr interaction
the PhOH-Arj; cluster. We tentatively attribute this species to in the PhOH-Ar; cluster is expected to be weak in the neutral.
larger PhOH-Ar,, clusters withn > 3, which give rise to the  According to this assumption, we estimated the dissociation
signal in the PhOHAr, mass channel by the evaporation of energies of the PhOHAr; cluster in the $and cationic states.
Ar atoms. The estimated dissociation energy of the PhO, cluster in

In summary, we have concluded that only a single isomeric the S state is almost the same as that of PROX (n = 1)
PhOH-Ar; species is observed in the REMPI spectrum of the cluster in S, which supports our assumption.

PhOH-Ar; cluster. Thus, similarly to the PhGHAr dimer, the For measurements of theL 1' REMPI spectrum, PhOH

PhOH-Ar; trimer occurs as a single isomer in the molecular Ar, clusters can dissociate in both thes$ate and the cationic

beam expansion. state. When the REMPI spectrum of the Ph@&t cluster fi
C. Dissociation Process of the PhOHAr, (n = 2) Cluster. = 1) is measured, the electronically excited Ph©ht, cluster

The absence of the PhGHAr, bands below 36 758 cm in (n = 2) can dissociate into PhGHAr in the S state ifvp has
the REMPI spectrum of PhOHAr (Figure 2a) originating from a higher energy than 36 675 (36 282393) cnt! (Figure 4).
the dissociation of PhOHAr, can be explained by the In the cationic state, the PhGH\r; cluster cation can dissociate
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B 1 The assignments by Haines et al. are also shown in the lower
y part of Figure 532 The vibrational motions of the six possible
! [3 1[3 n intermolecular modes of the |@) and (20) structures are
e Ty X depicted in Figure 6. Here, the in-phase and out-of-phase
intermolecular stretching modes are representedd®nd o,
(b) respectively. The in-phase and out-of-phase sliding modes along
the x-axis and they-axis are represented I}, Sy and iy, Ay,
respectively. The symmetry of each mode in @goint group
is also indicated in the figure, together with the symmetry
correlated with th&,, point group (in parentheses). In previous
2 3 GSIBX" assignments, the symmetry of the normal modes of th#) (1
1 2|3 B n structure was evaluated in ti@, point group, that is, the OH
Lo X group was regarded as an atom. This assumption was used to
T s explain why only progressions involving two intermolecular
origin_ 1y modes are observédin the C,, point group, only two
— intermolecular vibrational modesd and jy) are totally sym-
— metric (a) and can be observed without vibronic coupling. On
Be| B the other hand, because the pro@arpoint group has three
totally symmetric amodes §s, S, andpy), the (11) structure
could display three intense vibrational modes in the electroni-
cally allowed $—% transition. Because the |(® structure
belongs to theC; point group, all the intermolecular vibrations

(a) are allowed for this isomer. Schmidt et al. argued that the
T o T T e T Tk appearance of two _mt_erm_olecular vibrational modes_ in the
36281 REMPI spectrum is indicative of,, symmetry and assigned
Relative wavenumber /cm’! the intermolecular modes agsandfx based on a consideration
Figure 5. REMPI spectrum (a) and HB spectrum (b) of PhOAr, of the respective reduced masS8es.
in the vicinity of the electronic Sorigin. Let us discuss now the assignments of the intermolecular

into the PhOH-Ar cluster cation ifvp has an energy higher ?atnhds Orbi‘i?rVed lnithr?mH?&ZE)ﬁ]ctrtL:mnoiftiP;l@ci% ﬁcl(:40rorlrl1r_119
than 36553 (68 293+ 518 — 32 258 fion)) cm L In the 0 e previous assignmerts; the transitions & ¢

REMPI spectrum of PhOHAr (Figure 2a), no bands are and 0 + 27 cnt* are assigned tf and 5, respectively.

observed below 36 758 crh Therefore, the dissociation The intense band a0+ 36. cntis attributed toos’. AImost_
processes in both the, @nd cationic state can energetically all of the bands observed in the HB spectrum can be assigned

explain this threshold consistently. by progressions arld combinationsazgar!dﬁ).(, except for a

D. Intermolecular Vibrations of the PhOH —Ar, (n = 2) pand at0+ 20 ™, reprleosented b, which is .not obse.rved
Cluster. As mentioned in the Introduction, the PhOlAr, in the REMPI Spgctrurﬁ. The absence O.f this band in the
cluster i = 2) exhibits thew — H site-switching dynamics ~ REMP! spectrum is probably because of its weakness. In the
induced by photoionizatioft This isomerization reaction is not HB spectrum, weak transitions are enhanced owing to saturation
observed for the PhOHAr dimer (0 = 1). To understand why _effects. Qonsequently, the HB spectrum provides more spectral
the isomerization reaction does not occur for PROM but mformatlc_m Co”?pafed_ to the REMPI spectrum. As mentioned
for PhOH-Ar, reliable information about the accurate geometry 200Vey is forbidden in theC,, approximation but is allowed
of PhOH-A, is required. According to our previous studies N Cs Symmetry. Therefore, the transition strength fyris
by picosecond IR spectroscopy, we concluded that the PhOH €XPected to be weaker thlan tholsergﬁndﬂx. Thus, we assign
Ar» cluster in $ has no H-bound ligan® However, we could ~ the band at ©+ 20 cnm* to A%, This mode occurs also in
not conclude about the specific position of batlbound ligands, combination with a progression jf. On the basis ofss, fx,
that is, whether both Ar atoms are located on opposite sides of@ndfy, we can assign all of the low-frequency bands in the HB
the benzene ring, represented bylfLor whether they are both ~ SPectrum of PhOHAr.. The intermolecular vibrations ac-
binding on the same side, represented by)2respectively. ~ companying other skeletal vibrations of the phenol chromophore
Both isomeric structures were observed for benzee.2° In were also assigned. The observed vibrational frequencies and
previous studies described in the Introduction, the PR®F assignments are listed in Table 1. The intermolecular vibration
cluster was suggested to have thelfistructure based on the Ay could not be detected for the region of the skeletal vibrations.
additive red-shifts both in the,;S S, transition energy and the ~ The skeletal vibrations are weaker than the origin, thus the

ionization potential with increasing cluster size (for= 0—2). absence of the combination vibration between the skeletal and
Such an additive red-shift is not observed for the benzétre By vibrations is due to its weakness.

(2/0) isomer. However, the (@) structure may explain the To support the assignments, the vibrational frequencies
different reactivity between the = 1 andn = 2 clusters forr of the intermolecular modes inoSof PhOH-Ar, were

— H site switching of PhOH-Ar,. Here, we tried to derive  also determined by ab inito MO calculations at the
any evidence for the geometry of PhGHr, from the MP2/6-311-+G(d,p) level using the Gaussian03 progrérihe
intermolecular vibrations, which were sensitively observed by calculated frequencies for the|{} and (20) isomers are listed
HB spectroscopy. in Table 2, together with the frequencies observed inThe
Figure 5 shows (a) the REMPI spectrum and (b) the HB order of the vibrational frequencies is well reproduced by both
spectrum of PhOHAr; in the vicinity of the S origin. In the the (1) and the () isomers. The good reproduction of the
REMPI spectrum, two progressions were observed. The assign-experimental frequencies measured in & the calculated
ments reported by Schmidt et al. are indicated in Figuré 5a. frequencies in §suggests that the geometry and interaction
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Figure 6. Intermolecular vibrational motions of (a) the|{} structure and (b) the (@) structure of PhOHAr,. The symmetries of the vibrational
motions of (11) are classified by th€s andC,, (in parentheses) point groups.

TABLE 1: Assignments of the Observed Bands (/cmt) in the present time. High-level quantum chemical calculation and/
the HB Spectrum of PhOH-Ar or high-resolution spectroscopy should be applied to unambigu-
frequency assignment frequency assignment frequency assignmentously determine the geometry of the PhORr; cluster.

0(36281) @ 476 6& 914  16Bos'Bdt

14 B 489  6dpt 936 1 4. Conclusion

20 By 511  6dod 942 64

27 2 514  6dB3 949 181 We have measured and analyzed the hole-burning (HB)
33 BBy 521 6dos'By 957 64t spectra of PhOHAr and PhOH-Ar; to investigate whether

36 o5 532 6dosfe 963 Ifid several isomers of these clusters coexist in a molecular beam
39 ¥ 710  10B11! 972 Lo . , ) S

46 BB, 723 10B1181 976 630 expansion. Two species have been identified in the HB spectra
47 odB L 783 12 983  LodBt of PhOH-Ar, however, one was found to originate from
57 o5 797 12p¢ 986  6&osBd fragmentation of PhOHAr,. Similarly, three species were
% ot ggg igﬂ < 1%%? Losf? observed in the HB spectra of PhGHr, and two of them
339 Y. 0 13 o1 s were found to stem from dissociation of PhOHr, with n =
352 1288 830 120482 1037 BortBe 3. Thus, we concluded that PhOtAr and PhOH-Ar, occur
373 1204 838 120482 1041 Ponlost as singlez-bound isomers in the molecular beam expansion.
395 1%0df2 848  1Zodf3 1054  fon'os!Bit On the basis of the binding energy @fbound PhOH-Ar, the
3(1)2 g”i ° 870 166 1078 fow'os” energetics of the dissociation processes observed for both

X 884  16BBd X . i
420 12084 906  16Bod PhOH-Ar and PhOH-Ar; are consistent with fragmentation
occurring in the $and/or cationic state.

TABLE 2: Observed Frequencies (/cm?) in the HB In the HB spectrum of PhOHAr,, we observed many

Spectrum of PhOH—Ar ; Cluster and Frequencies Calculated

for the (1]1) and (20) Structures intermolecular vibrations sensitively and found a new band. We

assigned this newly observed transition to the second intermo-

mode expt caled (1) caled (20) lecular bending modejyt. This observation means that the
Os 36 45 60 structure of the PhOHAr; cluster hasCs or lower symmetry,

Oa 67 54 which is consistent with the previously suggested)&tructure.

B 14 17 99 However, this result does not exclude, in principle, th®)2

Ax 37 33 L .

By 20 19 30 structure. To definitively determine the geometry of PhOH
Ay 61 6.1 Ar,, high-resolution spectra and high-level quantum chemical

calculations will be carried out in the near future.
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