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We report studies of supersonically cooled water complexes-aminobenzoic acid MABAH,0), (n =1

and 2) using two-color resonantly enhanced multiphoton ionization (REMPI) and WX hole-burning
spectroscopy. Density functional theory calculations are also carried out to identify structural minima of
water complexes in the ground state. For the most stable isomers of both complexes, water molecules bind
to the pocket of the carboxyl group in a cyclic hydrogen bond network. Vibrational frequency calculations
for the first electronically excited state §{Sof these isomers agree well with the experimental observation.
The addition of water molecules has a major impact on the normal mode that involves local motion of the
carboxyl group, while negligible effects are observed for other normal modes. On the basis of the hole-
burning experiment, two major isomers for each complex are identified, corresponding to the two conformers
of the bare compound. Compared with the other two isomers of aminobenzoic acid, the red shifts of the
origin bands due to water complexation in MABA are considerably larger. Similpraiminobenzoic acid

and different fromo-aminobenzoic acid, the existence of the intermolecular stretching mode is ambiguous in
the REMPI spectrum of MABAH,0),.

Introduction is also of great importance in pharmaceutical and chemical
industries; it is used in synthesis of analgesics, antihypertensives,
and vasodilator8.

In our previous effort on bare MABA, we observed two
conformational isomers, as shown in Figure 1, on the basis of
results from resonantly enhanced multiphoton ionization and
zero kinetic energy photoelectron spectroscopy (ZERE)ur
hole-burning experiment further revealed that the transition
energies to the first electronically excited state) (&iffer by
27 cnt! for the two conformers. The frequencies of the
vibrational modes, however, were independent of the molecular
conformationt® In this study, we extend our investigation to
the structural and spectroscopic properties of MAB#&O),
Ocomplexes wittm = 1 and 2. We have also performed quantum
mechanical calculations to obtain structures and binding energies
for a few possible isomers in the ground state and vibrational
frequencies of these species in the first electronically excited
state. These results will be discussed in comparison with another

Hydrogen bonding is ubiquitous in chemical and biological
systems. Studies of organic chromophores containing competi-
tive multiple hydrogen bonding sites constitute an active area
of research:® The preference of a solvent molecule for a certain
binding site on a solute molecule is of general chemical interest.
Such information can be obtained from experiments in the gas
phase without the interference of the bulk solvent. Using
molecular beam techniques, cold, isolated clusters of different
solute-solvent compositions can be prepared, and isomeric
molecular complexes with solvent molecules “frozen” at dif-
ferent binding sites on the solute can be generat€tese
complexes can then be interrogated using a variety of high-
resolution spectroscopic methods such as mass-resolve
resonantly enhanced multiphoton ionization (REMPI). For the
identification of different isomeric structures, hole-burning
spectroscopy is also routinely employed.

In this paper, we report spectroscopic studies of complexes - ) .
of maminobenzoic acid (MABA) containing one or two water study on the water complexes paaminobenzoic acid (PABA)

molecules. The general interest in aminobenzoic acids and theirando-amlnobenzom acid (OABA) from our own grotimnd a

solvation mechanisms arises from both their biological impor- few other groups?™1°
tance and their chemical properties. They are multifunctional gxperimental Details
hydrogen bonding molecules, ideal for studies of interactions
between water and aromatic chromophores. In protic solvents,
they can act both as H acceptors at the O atom of-tBe=O
group and the N atom of theNH, group, and as H donors at
the —OH group and the—NH, group. They can also form
hydrogen bonds through their aromatielectrons. In nonpolar
solvents, MABA exists predominantly as a neutral molecule. .
In the solid state or in aqueous solutions, it exists asazwitterion,gas at 2 atm pressure was a _m|_xture of argon and room-
unlike the other two isomers® On the biological aspect, temperature water vapor. To optimize for a specific complex,

aminobenzoic acids are antimetabolites of sulfanilamide. MABA the time delay between the pulsed valve and the laser was
adjusted by a delay generator (Stanford Research, DG535).

* Author to whom correspondence should be addressed. E-mail: 10 resolve the different conformational isomers, we pre-
Wei.Kong@Oregonstate.edu; phone: 541-737-6714; fax: 541-737-2062. formed UV—UV hole-burning experiments. At first, a two-color
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The experimental setup has been described elsewhEre.
Briefly, the apparatus is a standard molecular beam machine
with a time-of-flight mass spectrometer (TOF-MS) and a
heatable pulsed valve for supersonic cooling. The sample was
purchased from Aldrich Co. and used without further purifica-
tion. The temperature of the nozzle wa350°C, and the carrier




Water Complexes ofi-Aminobenzoic Acid MABA(H20),

J. Phys. Chem. A, Vol. 109, No. 5, 200849

Hy H H; H,
b Yy ‘o iyt g
i ',.\_‘_ > J\‘_.J_..'J ‘ 4
6 5 6 2 i ! f i 1
: el 2599 % . S, ¢
5 3 /O—H 5 3 //O ol f ': \‘ t @ J":':"““‘,.'J
" Cyg 7 Cyg o P ' )
\\ \ Fi e
o] O—H o
Conformer [ Conformer I1
Figure 1. Structural conformers of MABA. i i i ik i
two-photon REMPI spectrum was recorded by scanning the 90 J‘"“”J.J 9”
pump laser (Laser Analytical Systems, LDL 20505, pumped ‘e’ ? _.J‘, U 3‘
by a Nd:YAG laser, Spectra Physics, GCR 190) across the 4;" 9’ : 1 s ‘J o, NI
vibronic levels of the $state while using the fourth harmonic L0 0 A P iR J.h:__‘nl._‘.,
of a Nd:YAG laser at 266 nm (Continuum, Powerlite 7010) for ': ‘z o e A
further ionization. The intensities of both lasers were minimized
so that the ion signal due to either laser was negligible. Then, 1d (4.83) le (4.91) I£ (6.59)
a third (hole-burning) UV laser (Laser Analytical Systems, LDL
2051, pumped by a Nd:YAG laser, Spectra Physics, GCR 230) i ig? @
was introduced with a time advance of 20 ns. By fixing the ‘e [ *“
third laser on one of the origin bands while monitoring the J-J'-‘-‘-;-‘ 4(‘".."' ? o
depletion of the ion signal as the pump laser scanned across ¢ @ @, r ) _,)._‘ﬁ . il J
the REMPI spectrum, vibronic features of the chosen isomer . ‘: : ) e j ® J)_._ o 9
were identified. The two resonant laser beams were set to a0 i 3 : >
counterpropagate, while the ionization laser was set to cross
the two resonant laser beams at°aabgle. 11a (0.00) [Ib (4.48) llc (4.90)
Calculation. Possible structures of MABA and its complexes
with one or two water molecules were explored by performing @) - i s9”
a series of density functional theory (DFT) calculations using 29” ‘e a2
the Gaussian 03 suité The optimized structure of bare MABA L TS .. i i i
was used as the starting point for the complex containing one @ @ J'a'_a.-'b. 2® L9950
water molecule (1:1 complex). The water molecule was initially ~— ,® J-""-J' 0 @, i
placed alternatively to the different hydrogen bonding sites of ¢ 9, 4 o
MABA, and each structure was then fully optimized using the L]
Becke-Lee—Yang—Parr functional (B3LYP) with a basis set 114 (4.96) o (497) £ (6.04)

of 6-31+G(d). The convergence of the resulting isomer was

confirmed by calculations of vibrational frequencies. The initial Figure 2. Optimized geometries of the 1:1 water complex of the two

structures for complexes with two water molecules (1:
complex) were generated either with a water dimer bound
alternatively to the different hydrogen bonding sites or with each

2 conformers of MABA at the B3LYP/6-3tG(d) level. The values in

parentheses are relative energies in kcal/mol.

water molecule bound independently to the available sites. The The three structures with water hydrogen bonded to the amino
most stable ground-state structures for both the 1:1 and 1:2group are of similar binding energies, about 5 kcal/mol
complexes were subsequently chosen as the starting point oicompared with those of the most stable structures. The molecular
optimization for the $state at the CIS/6-31G level. Vibrational  conformation, on the other hand, has essentially no effect on
frequencies of the normal modes at the s$ate were also  the structural arrangement between water and MABA, and
calculated at the same level of theory. To obtain a good except for an order switch between isomers ¢ and d, a one-to-
agreement between theory and experiment in the vibrational one correlation between the two sets of isomers can be observed.

assignment, a scaling factor of 0.9 was uSed. For each conformer of bare MABA, more than 20 energy
minima were found for the 1:2 complex. Nine of the most stable
isomers for conformer | are displayed in Figure 3, and the two
1. Theoretical Calculations.Our previous UV-UV hole- most stable structures for conformer Il are displayed in Figure
burning experiment on bare MABA has confirmed the coexist- 4. Other structures for conformer Il are similar to those for
ence of two conformational isomers in the gas phase namedconformers Ib-lh, and they are therefore not reproduced for
conformer | and Il (Figure 1)° Each conformer has six stable ~compactness. The energetically most stable structures in-
structural arrangements with one water molecule. The fully corporate three linear hydrogen bonds and allow each molecule
optimized structures together with their relative energies includ- to be both a H-bond donor and a H-bond acceptor. In structures
ing zero point vibrational energy (ZPVE) corrections are li and llb, water dimer bridges are formed between tHéH,
displayed in Figure 2. In the two most stable structures la and and the —COOH groups. The energy cost of this bridge,
lla, the water molecule bridges between th€=O and the compared with the bridge inside th&COOH group (Isomer la
—OH groups, and the resulting extra stability is about 4 kcal/ and lla), is about 3 kcal/mol for llb and 7 kcal/mol for li. This
mol compared with the second set of most stable isomers Ib difference is consistent with the observation of the 1:1 complex,
and 1Ib1120 All higher energy isomers have only one H-bond, that is, the O atom of theeC=0 group with a higher electron
and those hydrogen bonded at th€=0 group are the most  density is a stronger H acceptor than that of th®H group.
stable, while those bonded at th@®H group are the least stable. Except for this order switch between structures b and i, similar

Results
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TABLE 1: Observed Vibrational Frequencies and
12(6.79) 1h (6.98) 1i (7.00) Assignments for the § State of the 1:1 Water Complex of

Figure 3. Optimized geometries of the 1:2 water complex of conformer

MABA

| of MABA at the B3LYP/6-3H-G(d) level. The values in parentheses Isomer la Isomer lla
are relative energies in kcal/mol. expt calcd expt calcd assignment & descriptién
N ¢ 96 100 97 101 Hl, S(—COOH),A(H-0)
‘e -~ 225 225 Cot, B(—COOH)
B ‘e S 373 370 6", A(ring)
b : - 109’ 5 387 380 381 376 Do, 3(—NH,)
s Bh Al 2 i U 489 492 489 484 EglB(—COOH),A(—NH,) andf(ring)
a1 Fan" Sl 532 533 532 527 6A pA(ring)
I'\'. ¥ .'J 876 Do'Eot
7 896 877 894 871 19h A(ring)
919 916 Do'6ay!
Ila (0.00) 1b (2.99) 960 967 959 968 12 A(ring)

Figure 4. Two most stable structures for the 1:2 water complex of
conformer Il of MABA at the B3LYP/6-33G(d) level. Higher energy
structures are similar to those of Figure 3:-1b.

aThe values include a scaling factor of 0°® represents in-plane
bending vibrations.

later. Taking these considerations into account, all the significant

to the case of the 1:1 complex, a one-to-one correlation betweenfeatures in tracea can then be accounted for. We therefore

the two sets of isomers are also observed.

2. Experimental Results. The two-color #1' REMPI
spectrum of the 1:1 water complex of MABA is displayed in
Figure 5, tracea. The intensities of both laser beams were

optimized to avoid interference due to nonresonant ionization,

conclude that there are only two major isomers in the molecular
beam within our observation window.

The amount of red shift of the origin band in the 1:1 complex
compared with the bare compound is considerably larger for
MABA than for OABA and PABA. The difference in transition

and the ion signal due to any single laser was essentially energy between the two isomers of bare MABA or the two
undetectable. On the low-energy side of the spectrum, moreisomers of its 1:1 complex, however, is small. The origin band
than one strong transition is observable, implying the existence of the two conformers of MABA only differs by 27 cm, and

of multiple isomers. Hole-burning experiments are therefore

necessary to ascertain the nature and number of isomers.
The hole-burning spectra of the two major isomers of the

1:1 complex are shown in the lower two traces of Figure 5,

with the hole-burning laser set at positions la (30365 &rrace

b) and Ila (30373 cmt, tracec), respectively. These two isomers

the difference for the water complexes la and lla is less than
10 cnTL. The red shifts due to water complexation, on the other
hand, are about 100 crhfor both la and Ila. In comparison,
the red shift in the 1:1 complex of OABA is 55 cry while a
blue shift of 17 cm* has been observed in PABAAdditional
stabilization in the excited electronic state is implied in the 1:1

are hereafter denoted as la and lla and are tentatively assigne@omplex of MABA.

to the corresponding structures shown in Figure 2. The rationale Table 1 lists the observed vibronic transitions of the two major
for this assignment will be presented in the following Discussion isomers. To assist with the assignment, we have performed ab
section. The small shoulder at 30415<¢marked by a number initio calculations on the CIS/6-31G level for the vibrational
sign in the figure also corresponds to a minor isomer. However, frequencies of the Sstate. An overall agreement between the
the intensity of this isomer was so low that the hole-burning calculation and the experiment is obtained when a scaling factor
experiment only produced a single feature at the origin, with of 0.9 is used for the calculated frequencies. Modes that are
no vibrational assignment possible. The features marked by associated with the motion of the aromatic ring are labeled using
asterisks belong to the 1:2 complex, and they will be discussedthe convention of Varsanyi's nomenclatdteOther modes that
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TABLE 2: Observed Vibrational Frequencies and

fa Assignments for the S State of the 1:2 Water Complex of
Ila MABA
@) Isomer la Isomer lla
expt calcd expt -calcd assignment & descriptién

68 73 73 72 Ho!, fA(—COOH),A(H.0)

144 152 144 152 ao!, y(H.O-ring)

240 235 Col, B(—COOH)

391 389 390 392 Dl B(—NHy)

494 498 493 497 EoB(—COOH),A(—NH,) andA(ring)

Ton Intensity (arb. units)

o 524 543 64, A(ring)
e 3 ) 893 879 890 874 193 /(ring)
30200 30400 30600 30800 31000 31200 31400 aThe values include a scaling factor of 0% represents in-plane
Excitation Energy (cm™) bending vibrations.
Figure 6. Two-color two-photon REMPI spectrum of jet-cooled
MABA «(H20), (tracea) and UV—UV hole-burning spectra with the
hole-burning laser fixed at the la (30414 cthitraceb) and Ila (30486 .
cm L, tracec) positions. 2 . ) s @
=
mainly involve the motion of the-NH, and the —COOH _:
moieties are named according to the corresponding modes g ®
observed in bare MABA? Similar to bare MABA, the spectrum £
is dominated by in-plane or even quanta of out-of-plane £
vibrational modes because of symmetry reasons. The normal ﬁ | I 1 ol ©
modes in the 1:1 complex exhibit essentially no dependence =
on the molecular conformation, and therefore they cannot be ‘ [ . ! @
used to distinguish between the two isomers la and lla. The
transition observed at 96 crh (mode H) for isomer la is 30200 30400 30600 30300 31000 31200 31400 31600
assigned as a collective motion of th€ OOH group and kD. Excitation Energy (cm”)

This mode is also observable in the spectrum of isomer lla. On Figure 7. REMPI spectra of the 1:1 and 1:2 complexes of MABA.
the basis of our calculation for isomer Ib in Figure 2, the only (&) Two-color two-photon REMPI spectrum of jet-cooled MABA
low frequency in-plane motion below 200 cinis the inter- S;'Z?])li (%) U\./_lIJV hof'.e'bé"rl";% ff;ci;”m t?:/ MA'I?"A(';'?O)l r‘]""ih
molecular stret_ching mode at 69 cip ar_u_:l this value is too REMgle'splggtTugmagf ?elt)_(goo?ed MAB)‘C(\Hz(g))zi ((:j)c ?J?/r—VL\j(\)/phc?lg-n
small to be assigned to the above transition-a00 cni*. We burning spectrum of MABA(H0), with the hole-burning laser fixed
therefore conclude that there is no obvious intermolecular at 30414 cm.

vibrational activity in Figure 5. The feature at 876 chis

tentatively attributed to the combination band of moBeand in the REMPI spectra of the 1:2 water complexes of both OABA
E, although it is also close to the theoretical value of mode 5,4 paBALL

19a. The ration_ale fqr this as_signment is that typically for this e observed vibronic transitions of both major isomers of
type of calculation with a scaling factor of 0.9, we only expect he 1:2 complex are listed in Table 2 together with results from
a reasonable agreement between theory and experiment for lowgy, jnjtio calculations on the CIS/6-31G level. Consistent with
frequency modes, while at nearly 1000 Ciyan exact agreement  Tapje 1 the scaling factor for the calculated frequencies is also
would be fortuitous. The same argument is also applied in the o 9. Simjlar mode distributions are observed for both the 1:1
assignment of the 1:2 complex. The satisfactory assignmentingng 1:2 complexes, including modd, which involves a
Table 1 further supports the notion that under our experimental |jective motion of the carboxyl group and the two water

conditions, only the most stable isomers la and lla exist in our mojecules. Moda represents out-of-plane vibration of the water
molecular beam. Normal mode calculations for other structures gimer relative to the ring.

listed in Figure 2 were considered unnecessary because of the A recalcitrant problem with experimental studies of weakly
high energies of the corresponding isomers. bound complexes is the possibility of dissociatiérzigure 7
Figure 6 shows the two-colortil’ REMPI spectrum of the  compares the REMPI spectra of the 1:1 (tray)eand the 1:2
1:2 complex (trace) together with the two hole-burning spectra  complex (trace), together with a hole-burning spectrum of each
(tracesb andc). The origins of the hole-burning spectra are complex. All the features marked by asterisks in tratiee up
30414 and 30486 cm, about 70 cm* apart. Between the two  with those in traced—d. Traceb was obtained by setting the
major isomers, the weak feature marked by an asterisk washole-burning laser at 30415 crhand the mass gate on the 1:1
confirmed to be a third isomer, but its intensity was too low complex, while tracel was obtained by setting the hole-burning
for vibrational analysis. With the exception of this weak feature, laser at the same origin but the mass gate on the 1:2 complex
all the significant features of the REMPI spectrum correlate well (isomer la). The identical locations of all the marked features
with the two hole-burning spectra, and we thus conclude that allude to the possibility that the species of trabeis a
similar to the 1:1 complex, there are only two major isomers dissociation product of the 1:2 complex in trateSome of the
and one minor isomer in our molecular beam for the 1:2 marked features in traconly show up once either in trade
complex. These two major isomers are hereafter denoted la andor in traced, and we attribute this result to mode dependence
Ila and are tentatively assigned to the corresponding structuresduring dissociation. For example, moteat 68 cnt! and its
shown in Figures 3 and 4. The origins of the two major isomers second harmonic at 144 crh must have a low yield for
are red shifted from their respective bare molecules by 65 anddissociation, since they are barely observable in the hole-burning
20 cnTl. In contrast, a blue shift of 19 chhhas been observed  spectrum of the 1:1 complex (trac®, while they are clearly
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distinguishable in the spectrum of the 1:2 complex (trdicén 551

contrast, the feature near 30962 ¢nshould have a high _ 25

dissociation yield since it is clearly observable from the spectrum E ‘;2

of the 1:1 complex (track) but not observable in the spectrum & 30

of the 1:2 complex (tracel). This feature is most likely an £ 254

intermolecular bending mode with a value of 478¢ron the ;T o

basis of our calculation, and it is not included in Table 2 because g 10

of its highly dissociative nature. The feature near 30 900%cm = 3:% % o

(tracea) contains multiple transitions, including mode 6a of -5

the 1:1 complex, and its intensity is therefore not reproduced b’ F e 120

in the spectrum of the 1:2 complex. Normal Modes
Figure 8. Frequency shifts of a few observed normal modes in MABA

Discussion (H20), relative to the bare compound. The uncertainty for all the values
is 3 cnTl.

Structural assignment for the two major isomers of the 1:1
complex is based on the transition energy to thestte. complexes of MABA. On the basis of our DFT and CIS

According to our CIS calculation, the transition energy is 4.871 calculations, for the 1:1 complex of MABA, the length of the
eV for isomer la and 4.899 eV for isomer lla. A blue shift hydrogen bond €0-:-HO,, decreases while that of €H--+
observed in the REMPI spectrum of isomer lla therefore O, increases upon excitation. The observed additional stabiliza-
conforms to the above assignment. Although the energy tion in the excited electronic state in the 1:1 water complex is
difference from our calculation is larger than the experimental thus a reflection of a stronger hydrogen bonding capability of
value, we believe that the theory should be qualitatively reliable the carbonyl group than that of the hydroxy! group.
in predicting the trend in transition energies. In addition, the The vibrational spectroscopy of the water complexes offers
relative intensities of the origin bands of the two isomers are information on the initial step of water solvation. The site of
similar to those of the two conformers of bare MABA, and this \ater addition can be deduced from the frequency shifts with
assignment is therefore consistent with the conformational the addition of water molecules. These shifts are displayed in
assignment of the bare compound. Our DFT calculation, on the Figure 8 for the two major isomers of the 1:1 complex. Modes
other hand, resulted in a more stable structure for isomer lla by b, E, 6a, and 12 mainly involve deformation of the aromatic
37 cnm?, including corrections due to zero-point energies. Given ring, and with the addition of water molecules, they only
the uncertainty of this type of calculations, we prefer not to use undergo slight shifts. On the other hand, a large shift is
this information in this assignment. Due to the insensitivity of observable for the in-plane bending mode of the carboxyl
the vibrational frequencies on the molecular conformation and group: in Figure 8, mode€ for the la isomer increases by50
the limited amount of information available at present, this c¢m=1with the addition of one water molecule. The site of water
assignment is only tentative. addition should therefore be the carboxyl group for conformer
Similarly, for the 1:2 water complex of MABA, the calculated | of MABA, in excellent agreement with our DFT calculations.
transition energy is 4.884 eV for isomer la and 4.908 eV for Although modeC for isomer lla is too weak for a definitive
isomer lla. Following the same reasoning as above, the lowestassignment, the above conclusion should also be applicable,
transition at 30414 cmt in Figure 6a can thus be assigned to since the normal modes in the water complexes exhibit
the water complex of conformer | of MABA, and vide infra.  essentially no dependence on the molecular conformation.
This assignment is also consistent with that of the 1:1 complex Interestingly, the addition of the second water molecule to the
and that of the bare compound, that is, the lower energy 1:1 complex results in marginal changes in the vibrational
transition with a higher intensity corresponds to conformer | in frequency. Modes DE, and 6a undergo frequency shifts within
Figure 1 and its water complexes. 10 cnt? of their respective values in the 1:1 complex, and even
For both the 1:1 and 1:2 complexes, traces of a third isomer for the in-plane bending mod€ of the carboxyl group, the
are observed, although in both cases, the transition intensitiesshift is only 15 cn®. This fact suggests that the second water
of the minor isomer are too low for any vibrational assignment. molecule should be in close proximity to the first water
For the 1:1 complex, structure Ib is more stable than structure molecule, exerting minimal disturbance to the molecular frame.
IIb by almost 1 kcal/mol in Figure 2; thus, this structure is the Limited by available resources, we were unable to perform an
most logical candidate for the minor isomer. In Figure 4, IR—UV hole-burning experiment to investigate the vibrational
structure b shows substantial stability compared with the rest spectroscopy of the ground state of the water complexes.
of the higher energy isomers. We tentatively assign this structure Certainly more information on the frequency shifts of the
to the minor isomer of the 1:2 complex. This result offers ground-state complexes would be a tremendous addition to this
evidence that a ring structure involving both the amino and the study.
carboxyl groups is possible, albeit unfavorable compared with  Similar to the cases of PABA and OABX,in both the 1:1
the structure where a water cluster anchors at the carboxyl site.and 1:2 complexes of MABA, we believe that it is the hydrogen-
In contrast, our observations of water complexes of OABA and bonding site on the carboxyl group that water molecules prefer
PABA only contained one isomer, with no traces of any minor to occupy. The amino group, although typically considered
structures:! This difference might be an indication of the weaker hydrophilic, loses out in the competition even with the avail-
electron induction effect in the meta-substituted compound.  ability of two water molecules. Given the high electron density
The red shifts of the origin bands of the water complexes at the carboxyl group, it is no surprise that the first water
compared with the bare compound are considerably larger for molecule prefers the carboxyl site. Somewhat surprising is the
MABA than for OABA and PABA! For the 1:1 complex of essentially hydrophobic behavior of the amino group. All
PABA and the 1:2 complexes of PABA and OABA, blue shifts aminobenzoic acid molecules contain a pair of electron “push
of less than 20 cm have been observed. A more tightly bonded pull” substituents. In the ground state, a fraction of the electron
excited state than the ground state is thus implied in the waterfrom the amino group is transferred to the carboxyl group.
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According to the Mulliken population analysis, the amino group in MABA. Mode-dependent dissociation of the 1:2 complex is
has a positive charge ef+0.1 and the carboxyl group has a also observed, but the assignment of the intermolecular stretch-
negative charge ofv+—0.1 for both conformers of MABA. ing mode remains ambiguous.
Although the electron-attracting inductive effect of the carboxyl
group in MABA is slightly smaller than that in PABA and
OABA because of the resonance effect, it is still sufficient to
hold on to both water molecules, at least for the major isomers
formed in our molecular beam.

Similar to PABA but different from OABAL! the assignment
of the intermolecular stretching mode in the REMPI spectra of
the water complexes of MABA remains ambiguous, although References and Notes
mode H and mo_deC_both contain COﬂtI’IbutIOI’]S from Inte_r- (1) Bernstein, E. RAtomic and Molecular ClusteyElsevier: Am-
molecular bending vibration. On the basis of our calculation, sterdam, 1990.
the stretching mode should appear at 178 tabove the origin (2) Jeffrey, G. A.; Saenger, WHydrogen Bonding in Biological
of the. 1:1 complex. Give.n the Si.gr.]al_t.OTnOise ratig .Qf the Stru(c?:;rg?alsst?gﬁgﬁT:AI.B\%I.I,n:]r.l;g\?vléi, Annu. Re. Phys. Chem1994 45,
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