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Hydrogen bonding concerning alkyl groups has been a con- Figure 1. Resonance-e_qhance_d multiphoton ioni_zation (R_E_MPI) spec-
troversial topic in chemistryz3 Alkyl groups are generally trum of the §—% transition of Jet-coolecb-c_resol in the origin ba_nd
considered to have no proton-donating and -accepting abilities €9io"- Two banq groups cqrrespond to the cis and trans roFatlonaI isomers
and not to participate in hydrogen bonding, though very weak of o-cresol. Their schematic structures are shown in the inset.
C—H---X hydrogen bonding has been suggested in some o )
spectroscopic studies. In such hydrogen bonding, the alkyl group "éSonance excitation via tg state is used to pump the molecule
is expected to be a proton-donating site, because of the largert© the high Rydberg states just below the first ionization threshold
electronegativity of carbon than that of hydrog€ron the other ~ (IPo). When the ion core is vibrationally excited by the IR laser,
hand, C- - -H-X type hydrogen bonding was predicted in ab initio ~ the total energy of the Rydberg states exceedb#eause of the
calculations, though its experimental evidence is scarce. vibrational energy. Then, vibrational autoionization (energy

In this Communication, we report an experimental evidence {ransfer from the vibration in the ion core to the Rydberg electron)
for a new type of intramolecular hydrogen bonding, in which a 0ccurs, and ions are produced. The high sensitivity in ion detection
methyl group plays the role of a proton acceptor. Recently we techniques allows us tq measure the weaK apsorpnon of the ion
developed a new technique for infrared (IR) spectroscopy of core. An IR spectrum is obtained by monitoring the produced
molecular cations in a supersonic {étJet-cooled molecules are ~ ion intensity as a function of the IR laser wavelength. Observed
an ideal system for studies of intramolecular hydrogen bonding ViPrational frequencies are practically regarded as those of the
because intermolecular interactions are eliminated. IR spectros-Pare ion. o
copy of jet-cooled species is, therefore, a highly sensitive probe Figure 1 shows the REMPI spectrum of tBe-$ transition
of intramolecular interactions. We measured IR spectra of Of jet-cooledo-cresol. Foro-cresol, two (cis and trans) rotational
rotational and structural isomers of jet-cooled cresol in both the SOMEers, according to the orientation of the hydroxyl group, are
neutral and cationic ground states. The OH stretching vibrational Present. Each isomer shows different electronic transition energy
frequency only of the cis isomer of tliecresol cation showed a ~ @nd is easily distinguished in the electronic spectrum. The
substantial red-shift from those of other structural and rotational Minimum energy configuration of the methyl group in the trans
isomers, while the OH frequencies of all isomers are almost the iSomer rotates 60with the electronic excitation, and the electronic
same in the neutral ground state. These results demonstrate théPectrum of the trans isomer shows a long progression of the
presence of unconventional intramolecular hydrogen bonding internal rotation of the methyl grouif. On the other hand, the
between the hydroxyl and methyl group in the cis isomer of the Cis isomer has the same configurationSnand &, resulting in

o-cresol cation. the dominant intensity of the-€0 band. These assignments of
Details of experiments are described elsewtet&riefly, IR the spectrum have been confirmed by ab initio calculatfcarsd

spectroscopy of jet-cooled molecules in tieutralground state DY experiments on the cluster formatich. .

was performed by the infraree ultraviolet (IR-UV) double Both in IR-UV spectroscopy for neutrals and in ADIR

resonance techniqéé.A pulsed UV laser, of which the wave- ~ SPectroscopy for cations, the different electronic energy of each
|ength is fixed at theS_L_S) transition of the molecu'e' is Isomer en:’_ibles us to meas_ure_Isomel’-Sepal’ated IR Specifr_a, as Is
introduced, and the resonance-enhanced multiphoton ionizationthe case witfo-cresol shown in Figure 1. The electronic transitions
(REMPI) signal is observed as a measure of the ground-state®f M and p-cresol have been studied by Oikawa et%#nd
population. Prior to the UV laser, an IR laser pulse was introduced, Tembreull et ali! respectively. There are also two rotational
and its wavelength is scanned. When the IR wavelength is isomers form-cresol, whilep-cresol has no rotational isomers.
resonant on a vibrational transition of the molecule, the IR~ Figure 2 shows IR spectra of rotational and structural isomers
absorption is detected as a decrease of the REMPI signal intensity©f jet-cooled neutral cresol observed by the HRUV double-

As for IR spectroscopy ofations we applied autoionization- ~ résonance technique. In eac_h_ spectrum, th_e UV laser wavelength
detected infrared (ADIR) spectroscopy, which we newly devel- Was fixed at theS—$ transition of each isomer, and the IR
oped?*s In this technique, we observe vibrational transitions of Wavelength was scanned, monitoring the REMPI intensity due
very high Rydberg states instead of the bare ion. Because of thet0 the UV laser. Sharp dips in the spectra correspond to absorption
extremely weak interaction between the ion core and the Rydbergdue to the OH stretching vibration. Every OH stretch band in the
electron, the ion core of the high Rydberg states is regarded toSPectrum appears in the same region, and the frequency difference

have the same structure as the bare ion. Two-color double-among these five isomers is extremely small (within 3-¢m
Moreover, their OH frequencies are very close to that of free
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Figure 2. Infrared spectra of isomer-separateglitral cresol in the OH 3500 8520 3540 3560 3580
stretching vibrational region. The HRUV double-resonance technique Wavenumber cmT)
is utilized to measure the spectra of jet-cooled molecules. Figure 3. Infrared spectra of isomer-separated cresdionsin the OH

stretching vibrational region. The autoionization-detected infrared (ADIR)
spectroscopic technique is utilized to measure the spectra of the cold
and isolated cations.

as the shift due to intramolecular hydrogen bonding in neutral
o-fluorophenolt? suggesting the same order of the hydrogen bond
strength. The very weak C- - -HO type intermolecular hydrogen
bonding was predicted in ab initio calculations of the £tHi,0
cluster® The bonding energy was estimated to be extremely small
(0.83 kcal/mol), and it is consistent with an undetectable red-
shift of the OH stretch frequency observed for theutral cis
isomer ofo-cresol. At present, it is difficult to give an unequivocal
explanation for the appearance of the hydrogen bonding upon
ionization; however, it is worthwhile to note that the carbon cation
can be a five-coordinate site. The presence of this type of
nonclassical cations, such as £Hhas been confirmetf. The
methyl group in cresol is positively charged because of its
electron-donating ability to the phenyl ring, and the partial charge
increases upon ionization. Such an increase of the charge
distribution might induce mixing of such nonclassical character
which contributes to the intramolecular hydrogen bonding.

In the cis isomers of ortho-substituted phenols, intramolecular
hydrogen bond formation is expected between the neighboring
hydroxyl and substituent groups. On the other hand, it is clear
that such an intramolecular hydrogen bond is forbidden in the
trans isomers because of steric restriction. The cis and trans
isomers of neutrab-cresol show the same OH frequency. These
results indicate that intramolecular hydrogen bonding is negligible
in neutralo-cresol.

IR spectra of the OH stretches of the cresalionsare shown
in Figure 3. With ionization, the OH stretch frequencies shift to
red over 100 cmt. A similar shift was observed for phenol, and
the OH frequency of the phenol cation was found at 3534'¢im
A significant feature in the spectra of the cations is the substantial
red-shift of the OH band in the cis isomer of tberesol cation
in comparison with those of all other isomers. The trans isomer
of theo-cresol cation should give the same electronic substitution
effects as the cis isomer to the hydroxyl group through the phenyl
ring; however, its OH frequency is almost the same as those of
meta and para isomers. Therefore, the origin of the characteristic
red-shift of the cis isomer of the-cresol cation is concluded to
be due to local interactions between the hydroxyl and methyl  Acknowledgment. We are grateful to Drs. H. Ishikawa and T.
groups, i.e., intramolecular hydrogen bonding. The steric con- Maeyama for helpful discussion. This work is partly supported by a Grant-
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Such intramolecular hydrogen bonding has not been known, and : — :
this report provides the first observation of the new interaction. Let(tli)gggggz-; %l;toml, H.; Sekiya, N.; Takazawa, K.; Fujii, i@hem. Phys.

The OH frequency red-shift of the cis isomer from that of the ™ 13) For example, see Boo, D. W.; Lee, Y. I.Chem. Phys1995 103
trans is 25 cm! in the o-cresol cation, and this shift is as large  520.




