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Infrared Depletion Spectroscopy and Structure of the 2-Aminopyridine Dimer
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The electronic and vibrational spectra of the 2-aminopyridine (2AP) dimer have been measured using resonant
two-photon ionization (R2PI) and IR ion depletion (IR/R2PI) spectroscopy. Only two vibrational bands in
the N—H stretch region have been observed at 3319 and 3529, emhich are red-shifted by 120 and 17

cm 1, respectively, relative to the symmetric and antisymmetricdH\vibrations of the monomer. This provides
evidence of the cyclic structure of this dimer with two antiparallettit - -N hydrogen bonds. In addition,

ab initio calculations at the B3LYP/6-3¥H-G(d,p) level have been carried out. The cyclic structure is also

the calculated minimum energy conformation. Eachyl§kbup forms a-hydrogen bond with the ring nitrogen

of the partner. Compared to the dimers of 2-pyridone ((2P#hd 2-hydroxypyridine ((2HR) and to the

mixed dimer ((2PY)(2HP)), the hydrogen bonds in (2ARre weaker. This is confirmed by the differences

in the vibrational spectra and by the computational results. The binding energy of the 2AP dimer is the
lowest among these dimers, and its hydrogen bonds are the longest. The weaker hydrogen bonds in 2AP may
be rationalized by the nonplanar structure of the molecule in the ground state. The theoretical results are in
good agreement with the experimental data.

1. Introduction (2PY) and the heterodimers of 2PY with 2-hydroxypyridine
(2HP)—the tautomer of 2P¥and the base pair analogue
2PY-2AP, all of which form cyclic hydrogen bonds. While
(2PY), is bound by two @+ -HN and 2HP2PY by O - -HO/

4\!- - *HN cyclic hydrogen bonds, both dimers are more or less
planar. The dimer 2P2AP on the other hand is the closest
mimic to the WatsorCrick (W—C) base pairing, since the
N—H group is from a nonplanar amino group. The structure of
the 2AP dimer also includes such double, antiparallel hydrogen
bonds. Although it does not include any ©HO hydrogen
bonds, as does DNA, its two identical hydrogen bonds are

transition and rationalized the strong red shift by a considerable sr|]m|lar to the N;H' - *N bonds in W-C base pairing. Her|1;:e, b
strengthening of the dimer bonds upon electronic excitation, tN€ 2AP dimer has been considered as a mimetic model for the

Moreover, they calculated its structure by the semiempirical study of photoind_uced double proton Fransfer (DPT) alqng the
atom—atom pair potential method. The dimer was found to be Nydrogen bonds in WC DNA base pairs. In a computational
stabilized by two N-H- - +N hydrogen bonds, resulting in a investigation of the excited state coupled electrproton

; N, - transfer, Domcke and Sobolewskstudied the low-lyingwr*
cyclic and planar structure for the electronic ground state with >l ; - A L
Can symmetry. However, the authors considered planarity as a €xcited states of the 2AP dimer with multireference ab initio
simplification of the real ground state. The cluster of 2AP with Methods and, in particular, the reaction path a”‘i the energy
Ar has been studied by mass-analyzed threshold ionizationProfile for single proton transfer in the lowedt* inter-
spectroscopy.We recently investigated clusters of 2AP with monomer ;harge tran_sfer state. The question was whether the
one and two water molecules and with one ammonia molecule PPT reaction occurs in a concerted manner or as a two-step
using R2PI and IR ion depletion (IR/R2PI) spectroscopy, reaction with single proton transfer (SPT) intermediates. These
supplemented by ab initio calculatioh&For the cluster of 2AP reactions are considered to be relevant for the photostability of
with one or two water molecules, only one isomer exists under the genetic code.

2-aminopyridine (2AP) is a heterocyclic molecule containing
two nitrogen atoms. It may be used as a model molecule for
studying the photophysics of biomolecules containing heteroaro-
matic molecules such as purines and pyrimidines. Several studie
on clusters of 2AP have been reported in the literature. Hager
and Wallacé? studied clusters of 2AP with #D, methanol,
ethanol and Nk} and the homodimer by multiphoton ionization
and threshold photoionization spectroscopy. They reported the
resonant two-photon ionization (R2PI) spectrum of the 2AP
dimer in the vicinity of the electronic origin of the;S— S

molecular beam conditions, while, for the cluster of 2AP with
ammonia, two different 1:1 isomers ex’st.

IR/R2PI vibrational spectroscopy, combining R2PI and IR-
induced vibrational predissociation spectroscopy, provides a

In nucleic acid base pairing, antiparallel hydrogen bonds are powerful method for investigating structure sensitive vibrations

crucial for molecular recognition and selectivity. Recently,
several grougds6 investigated the homodimer of 2-pyridone
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in molecular clusters of those molecular groups which form
hydrogen bonds. This vibrational spectroscopy incorporates not
only mass and isomer selectivity but also the ultrahigh sensitivity
inherent in ion-based detection schemes. The structure of a
cluster may be deduced by comparing the measured vibrational
spectrum with the calculated spectrum utilizing ab initio
methods. Most ambiguities which normally complicate R2PI
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spectra, such as bands from isomeric structures, hot bands, aniia
spectral features from fragmenting larger complexes, may be
disentangled and often assigned in a straightforward manner.
Even in cases where R2PI spectra exhibit broad bands due tc et
lifetime broadening or excited state dynamics, clear spectro-
scopic IR fingerprints are often obtained by this method, since
it probes the vibrations of the molecule in the ground state.
Recently, this IR/UV double resonance technique was widely -
applied to study hydrogen-bonding interactions in clustéers.
De Vries et al. reported exciting results on the UV and IR
spectroscopy of nucleic bases and their dinte?s.
In this work, we probe the structure of the 2AP dimer by "
using IR ion depletion spectroscopy in the region of theHN
stretches. Ab initio calculations have been performed in order C:W—M
to obtain the structure, binding energy, and harmonic vibrational
frequencies of the dimer in the electronic ground state. The Figure 1. Structure of the 2AP dimer obtained at the B3LYP/6-
calculated structure is compared to those of the dimers of 2PY 311G++(d,p) level of theory, as viewed from above (1a) and along
and 2HP and to that of the mixed dimer 242PY (the IR the ring plane (1b).
depletion spectrum of the 2HP dimer is not currently available,
but the calculated structure and the strength of the hydrogento the laser intensity is then of no use. However, the positions
bonds were reported in ref 11). Due to the differences in the of the measured bands are very accurate.
planarity of these dimers, there are great differences in the bond The IR laser light is generated by a home-built, injection-

strengths. This is also reflected in the vibrational spectra. seeded OPO using LiNk@rystals. Its wavelength may be tuned
in the range from 2.5 to 4,6m with a bandwidth of 0.2 cm.
2. Experimental Setup and Calculation The typical energy is~5 mJ/pulse. 2-Aminopyridine (2AP,

) o 99+%) was purchased from Aldrich and used without further
The experimental setup for obtaining the R2PI and IR/R2PI pyrification.

spectra has been described in more detail elsevihét€lusters Ab initio calculations have been carried out with the Gaussian
are prqduced in a supersonic expansion utilizing a pulsed nozzleps progrant® The energy of the cluster was optimized at the
operating at a frequency of 10 Hz. The vapor of 2AP-&0 density functional theory level, employing the B3LYP exchange-
f’C is mixed Wlt!’] the He sged gas. The total stagnation Pressurecorrelation functional and the 6-334-G(d,p) basis set. The

is ~3 bar. Typical operating pressures are<510~° mbar in harmonic frequencies calculated at this level have been scaled
the expansion chamber and>2 10" mbar in the detection 4 factor of 0.965 for the monomer and by 0.98 for the dimer.
chamber. Behind the skimmer, the molecules in the beam aréthe zero-point vibrational energies (ZPVES) were calculated
ionized by one-color R2P1 and mass analyzed in a conventional ¢ the same theoretical level. The intermolecular interaction
linear time-of-flight mass spectrometer (TOF-MS). Due to the gnergy of the 2AP dimer was calculated and corrected for the

resonant step in the two-photon ionization, the wavelength- pagis “set superposition error (BSSE) using the counterpoise
dependent yield of an ion reflects the UV absorption spectrum .qrrection method®

of its neutral precursor (the R2PI spectrum). Aromatic molecules

are ionizgd usipg the frequency-doupled output ofl an optical 3 rReasults and Discussion

parametric oscillator (OPO) working in the UV region (Con-

tinuum Sunlite-OPO). The amplified ion signals are collected  3.1. Ab Initio Calculations. The minimum energy structure

and analyzed with a transient digitizer (LeCroy 9310), interfaced of the 2AP dimer as calculated at the B3LYP/6-311G(d,p)

to a personal computer. To increase the S/N ratio, the spectraevel is shown in Figure 1. It was obtained after optimization

are averaged over 150 laser pulses. from different starting configurations of the cluster. In all cases,
For recording an IR/R2PI spectrum, the laser pulses of a @ minimum energy structure, as given in Figure 1, was obtained,

continuously tunable IR-OPO precede the UV laser pulses by €ven when we started with a sandwichlikébound dimer like

~100 ns. The two counterpropagating laser beams are focusedhe aniline dimer. Being aware that the density functional theory

and intersect the skimmed molecular beam at a right angle. The(DFT) method gives only a poor description athydrogen
focal lengths of the focusing lenses are about 1 and 0.5 m, bonds, we abandoned calculations at the MP2 level for two

respectively, for the UV and IR lasers. At the point of additional reasons. First of all, we intended to compare the
intersection, the two beams have a size of about 2 and 4, mm results with those of other clusters in the literature calculated
respectively. If a cluster absorbs mid-IR light by the excitation at the same level of theory; second, we observed only one
of a stretching vibration, it rapidly dissociates by IVR as long isomer, so that no indication of a second, possittpound

as the binding energy is smaller than the photon energy. Thus,dimer was given by the experimental results.

the IR absorption is observed as a depletion of the R2PI ion  To vizualize the nonplanarity of the dimer, views from above
signal. The IR/R2PI spectrum of an individual cluster is recorded and parallel to the aromatic ring plane are given in Figure 1.
by scanning the IR wavelength, with the wavelength of the R2P1 The binding energies and some important structural parameters
probe laser fixed to a transition specific to the cluster of interest. are listed in Table 1.

The ion dip spectrum represents the vibrational spectrum of the  The binding energy calculated at the B3LYP/6-31G(d,p)
neutral cluster in the electronic ground state. The signal level is 9.29 kcal/mol. With the inclusion of the zero-point
intensities in the IR spectra have not been normalized to the IR vibrational energies (ZPVESs), it is reduced to 8.48 kcal/mol.
intensity. Since the laser intensity is often adjusted to get With the additional correction for the basis set superposition
acceptable signal intensity for weaker bands, stronger transitionserror (BSSE), it is further reduced to 7.93 kcal/mol. This value
are often partly or fully saturated. Normalization of the spectra is considerably lower than those of the dimers of 2PY and 2HP
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TABLE 1: Binding Energies and Some Structural
Parameters Obtained at the B3LYP/6-31%+G(d,p) Level of
Theory for the 2AP Monomer and Dimer2
2AP 2AP dimer 31805 .
binding energy (kcal/mol) 9.29 > 0
binding energy with the ZPE 8.48 @
included (kcal/mol) 8
binding energy with the ZPE and 7.93 =
BSSE included (kcal/mol)
Re-nH 1.383 1.363
Ren-ni® 1.009 1.024
Ren-H2° 1.008 1.006 NM
RuHeeN 2.020 . . : :
DPenny 114.7 119.7 0 100 200
Dennz 117.9 118.5 wavelength fem’™
[ 1NN, 177.2
Pd 32.4 18.9 Figure 2. R2PI spectrum of the 2AP dimer in the vicinity of the
dipole moment (D) 2.03 0.02 vibrationless $— S transition.
rotational constant (GHZ)
A 5.80 1.97 deduced with parallel dimers stacked in infinite columns parallel
B 2.73 0.29 to one of the symmetry axis.
c 1.86 0.25 3.2. R2PI Spectra.The R2PI spectrum of the 2AP dimer is
a All distances are in angstroms, and all angles are in degtddwe shown in Figure 2. The electronic origing®of the § — S

bond length between nitrogen and the hydrogen in the d¢bup which transition is assigned to the band located at 31 8051cm
is close to the aromatic nitrogehThe hydrogen pointing away from  compared to the origin of the monomer (33 466), it is red-shifted
the aromatic nitrogerf. The angle between the amino group and the by 1661 cntl. This large red shift (1668 cm) was already
fing plane. reported by Hager et al. in ref 2. The rationale for this change
is a strong increase of the dipole moment of 2AP upon its
electronic excitation, by which the dimer is stronger stabilized
in the excited state as compared to the ground state.

The small bands near the strong origin band may be hot
bands. When we compare our R2PI spectrum with that in ref
2, there is good agreement for most of the bands, although the

and that of 2PY2HP. The corresponding binding energies, with
the ZPVEs and BSSE included, are 13.62 kcal/mol for 2P,
14.17 kcal/mol for (2HR) and 17.61 kcal/mol for (2PY)
(calculated at the B3LYP/6-3#1+G(d,p) level)!! Thus, the
binding of (2PY} is more than 2 times larger than that of

(2AP),. ) _ ) signal-to-noise ratio in Figure 2 of this paper is lower. The main
According to the calculations, the distance-HN of the two  ifference is the appearance of additional bands at 46, 62, 79,

equivalent hydrogen bonds is 2.02 A. The distaneetN - :N and 118 cm? in the spectrum in Figure 2, which do not appear

is 3.04 A, which is in good agreement with the experimental i, the R2P| spectrum of Hager et al. From identical IR depletion

value (3.07 A), as measured for the dimer in a cry3tdlhis spectra for these bands and of the origin band, their assignment

distance is considerably larger than those in (2P¥hd to larger fragmenting clusters may be excluded. The difference

2PY-2HP. In the 2PY2HP dimer, the distance is 2.65 A for g hard to rationalize but could be caused by different experi-
the OH --O hydrogen bond and 2.92 A for the NH-N mental conditions. As the authors of ref 2 already asserted, the
hydrogen bond. The corresponding NHO separation in jntensities of these bands were strongly temperature dependent.
(2PY) is 2.78 A, which is also in very good agreement with |t the tiny bands at 5 and 10 crhin Figure 2 are hot bands, it
the experimental value 2.7 0.03 A’ These calculated values  |ooks as if the temperature in the pulsed beam of this experiment
were all obtained at the same theoretical [E9&rom the length is lower than that in the case of the continuous expansion of
of the hydrogen bonds, one also can conclude that the tworef 2 The 50% decrease in bandwidth of the iland and the
hydrogen bonds in the 2AP dimer are weaker than those in the 2o, higher intensity relative to the bands around 100%cim
dimers of 2PY and 2HP and in the 2FP2HP heterodimer. This  Figyure 2 as compared to that in Figure 11 in ref 2 point to the
is also consistent with the order of the binding energies. same direction. A reason could be the striking difference in the
The structure of the 2AP dimer is nonplanar. This is the major experimental conditions of both studies: In our case, we used
difference of the 2AP dimer compared to the dimers of 2PY a skimmed pulsed beam. The pressure in the expansion chamber
and 2HP. The reason for the nonplanarity is the well-known was~5 x 106 mbar, and that in the ionization region was 2
pyramidality of the NH group in the electronic ground state of  x 10~7 mbar under operating conditions, thus ensuring colli-
the molecule (illustrated in Figure 1b). According to the sionless conditions. In ref 2, the R2PI spectrum was measured
calculation, in the monomer, the angle between the plane for a free, unskimmed jet at background pressures below 10
through the amino group and the ring plane is 32This is in mbar. Here, collisions cannot be excluded.
good agreement with the 3tneasured in the gas phase by Kydd Large shifts of the origins have also been observed for 2AP
and Mills32In the crystal structuré! the same angle is reduced  with water and ammonia, respectivél§For 2AP with one and
to 15°. Such a large difference in angle for the molecule in the two water molecules, the origin is red-shifted by 919 and 1340
gas and solid phases indicates that the geometry of the aminacm™1, respectively. With ammonia, two isomers exist, with the
group strongly depends on its local environment. According to origins red-shifted by 1108 and 962 ck For the 2PY dimer
the calculations for the dimer, this angle is 1%8.Mhdicating and the mixed dimer 2HRPY, the corresponding shifts are
that the amino nitrogen is close to a?sponfiguration. The very different. (2PY) exhibits a blue shift of 945 cmi, and
enhanced planarity is caused by the formation of the hydrogen 2PY-2HP has a blue shift of 825 crhrelative to the origin of
bond in the cyclic dimer. It should be pointed out that this angle 2PY. Mtiler et al1? suggested that the electronic excitation is
is close to the measured one for the molecule in a crystal, whichlocalized on the 2PY moiety, which was later confirmed by
is not that surprising. From the X-ray analy3is structure was high-resolution experiment8.For the mixed dimer of 2PY and
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TABLE 2: NH Stretching Vibrations (cm 1) of the 2AP
100_’ 3a Dimer and of Some Related Molecules and Clusters
i molecule or cluster bonded NH free NH
804 2AP-Ar 3439 (symm) 3546 (antisymm)
T 2AP dimer 3319¢120¥ 3529 (-17)
601 2AP-H,0? 3315 (-124) 3548 {-2)
—~ A 2AP-(H,0)2 3343 (-96) 3536 10)
X 40 2AP-NH; (isomer [P 3329 (-110) 3538 {-8)
* 2AP-NHjs (isomer I[P 3373 (-66) 3517 £29)
o 207 aniline 3422 (symm) 3508 (antisymm)
g 0 ‘ l aniline dimef 3394 28y 3467 41y
~°C-’o ———— T aSee ref 4> See ref 5¢ See ref 349 The values in parentheses are
- ' the shifts relative to the modes in 2A&. © The values in parentheses
2 100 3b are the shifts relative to the modes in aniline.
©
E’ 80 0 transition of the cluster at 33 434 ¢ The symmetrici)
60_’ and antisymmetricig) stretching vibrational bands of the amino
| group appear at 3439 and 3546 ¢mCompared with the
40 4 corresponding vibrations in aniline (3422 and 3508 &34
1 they are blue-shifted by 17 and 38 ctinrespectively. This
20 *10 difference in frequency is induced by the ring nitrogen. Its lone
1 pair electrons disturb the symmetry of the NH bonds.
07 Figure 3b shows the IR/R2PI spectrum of the 2AP dimer with

T T T T T T T T T T . .. . . .
32'00 3300 3400 3500 3600 3700 the wavelength of the ionizing laser fixed to it @ransition at

Wavelength Jem™ 31 805 cn1t. The same spectrum was observed for other strong
bands in the R2PI spectrum in Figure 2, in particular the ones
Figure 3. IR/R2PI spectra of 2AfAr (a) and the 2AP dimer (b). The  petween 40 and 80 cmh which have not been observed by
spectra were recorded with the UV laser fixed to thetnsitions of Hager et al. We found no indication of another isomer nor of
the clusters. The lower spectra in parts a and b were calculated at the

B3LYP/6-311GH+(d,p) level. The frequencies are scaled by the factor any contribution of larger cluster sizes. The frequencies are listed

0.965 for the monomer and 0.98 for the dimer. in Table 2 together with the frequencies of the clusters of 2AP
with watef and ammoniaand of aniline and its dime¥. Only

2AP, the electronic origin is observed at 30 266 ¢éncorre- tWO_PanqS appear in the scanned frequency range (32600

sponding to a blue shift of 435 crhrelative to 2PY3 As in cm™1). Since four bands are possible, the appearance of only

the case of 2P¥2HP, the electronic excitation is also localized WO bands provides evidence that the Ndfoups of both 2AP
on 2PY. The blue shifts of the electronic origins in these dimers Molecules have exactly the same molecular environment. This
are caused by a weakening of the hydrogen bonds in the eXciteoconclu_smn is consistent with the calculated structure in Figure
state, which is opposite to the strengthening of the bonds in the 1+ If this would not be the case, more bands would appear.
case of the 2AP dimer. The band at 3529 cnt is red-shifted by 17 cmt relative to

3.3. Infrared lon Depletion Spectra. To observe the shifts  the antisymmetric stretching vibration of the blroup. It is
in the vibrational modes of the amino group induced by the hence assigned to the stretching vibration of the free NH. The
dimer formation, we first tried to determine these vibrations band at 3319 cm¥, showing a large red shift of 120 crh
for the isolated monomer. Since predissociation is not possible relative to the symmetric vibration of the Nigroup, is assigned
for a monomer, an IR-induced depletion of the R2PI signal could to the stretching vibration of the hydrogen-bonded NH. The large
be induced by depopulation of the ground state by optical shift corresponds to a weakening of the NH bond, which is
pumping. However, in this case, IR/R2PI spectroscopy proved commonly rationalized by a transfer of partial charge from the
to be highly inefficient. One possible reason for this could be acceptor highest occupied molecular orbital (HOMO) todhe
that the structure of the monomer does not differ that much orbital of the hydrogen-bond donor. The magnitude of the
between the ground and electronically excited states. Hence,frequency shift of the NH stretch is often used as a measure of
the molecule may be resonantly ionized by R2PI even if it is the strength of the hydrogen bond. Thus, the large frequency
vibrationally excited by the IR laser. shift indicates a strong hydrogen bond. This is consistent with

The chromophore shows depletion bands from the vibrations the calculated bond lengths. After a dimer is formed, the length
of the amino group if a noble gas atom is bound tostheystem. of the NH bond increases from 1.009 to 1.024 A.
It acts as a scavenger or “spy” of the molecule’s IR absorption,  The large red shift in the vibrational frequency is similar to
if it does not change the intramolecular vibrational frequencies. those in the 1:1 cluster with ammonia. In the two isomers, the
The infrared dissociation spectra of the pheAoand phenoKr hydrogen-bonded bands are red-shifted by 110 and 66,cm
clusters were measured by Fujii et al. They found that the respectively>. Therefore, it is obvious that the Nigroup forms
perturbation of the vibrational frequencies induced by the rare a o-hydrogen bond with the other 2AP. This result is in strong
gas atoms is very smallf2 cml). Thus, the observed contrast with the N-H stretches in the aniline dimer. There,
vibrational frequencies represent those of the mond¥ér. the two bands are red-shifted by only 28 and 41 tnelative
the R2PI spectrum of 2ARr (not shown here), the originis at  to the bands of the monomer. The structure of the aniline dimer
33434 cml. This value agrees with that reported in the is a head-to-tail, sandwichlike arrangement, stabilized by the
literature for this compleX.lt is red-shifted by 32 cmt relative two sz-hydrogen bonds of the amino groups with the aromatic
to that of the monomer. rings34 Because a typicat-hydrogen bond is stronger than a

Figure 3a depicts the IR/R2PI vibrational spectrum recorded s-hydrogen bond, the shift in (2AP)s larger than that in the
for 2AP-Ar with the wavelength of the UV laser fixed to the aniline dimer.
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For the monomer, the calculated IR spectrum fits very well et al. in ref 2. It is also supported by the large red shift of the
with the experimental one if a scaling factor of 0.965 is used, transition to the vibrationless origin observed in the R2PI
as shown in Figure 3a. For the dimer, however, the agreementspectra.
between the calculated and measured frequencies is reduced.

However, the accuracy in the theoretical description of chemical 4. Conclusions
bonds is, in general, considerably higher than the relatively weak

hydrogen bonds. This is also reported in the literaftf&Lin The R2PI spectrum of the 2AP dimer has been recorded in

" . . . the region of the origin band of the; S— & transition. The
addition, the calculated relative band intensity of the hydrogen- origin is red-shifted by 1661 cn relative to that of isolated

bonded NH stretch is larger than that of the free NH. This is in 2AP. In the IR/R2PI vibrational spectrum, only two bands
agreement with the experimental result. However, in comparing appear at 3319 and 3529 cin They are reél-shifted by 120

the relative intensities of calculated and measured vibrations,and 17 cm?, respectively, relative to the symmetric and
one has to take into account many sources of possible discrep'antisymmetri,c N-H stretchi,ng modes of the amino group of

anues,t W.h'tCh vytgre alreg%y d'lf(t:ussﬁd :ntsectlgr:j 2. Mgreozﬁr,the monomer. This gives evidence of a “shifted head to tail”
accurate intensities are difncuit to calcuiate and depend on e gy 0t e of two 2AP molecules bound by the antiparallel

Ieyel .of theory,.size of the basis set, anharmonicity, and N—H- - -N hydrogen bonds of the amino group with the ring
vibrational COHP"”Q- . . nitrogen. Compared to the dimers of 2PY and 2HP and their
The bandwidth (full width at half-maximum (fwhm)) of the  mixed dimer, the interaction in the 2AP dimer is considerably
free NH vibrational band is<10 cnt?, while that of the  \yeaker. This is confirmed both by the vibrational spectra and
hydrogen-bonded one is15 cnt. The bandwidths of hydrogen-  py the results from DFT calculations. The binding energy of
bonded stretching vibrations are generally larger than that of the 2AP dimer is lowest, and the hydrogen-bond lengths are
free vibrations. Huang et &t.studied the lifetime and line width Corresponding|y the |argest among these dimers. The weaker
of the different OH StretChing vibrational levels in the water hydrogen bonds in the 2AP dimer are rationalized by the

dimer by high-resolution spectroscopy. The lifetime of the nonplanar structure of the molecule in the ground state.
hydrogen-bonded OH stretch of the donor was considerably
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