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The structure, energetics, vibrations, and barrier to internal rotation around &N hydrogen bond of

the binary pyridine-formic acid complex are calculated using one properly selected hybrid density functional
theory procedure. The calculations demonstrate that the most stable isomer of the complex has a-strong N
H—O hydrogen-bonding interaction, whose strength is enhanced by the presence of an agostic interaction
between the carbonylic oxygen and théydrogen of the pyridine. Rotation around-NH—O, which prevents

such an agostic interaction to occur, results in a decrease of the bonding energy of the complex from 11.1
kcal/mol to 6.43 kcal/mol. Additionally, a normal-mode analysis of the vibrations of the two most stable
complexes characterized has been carried out and compared with the experimental vibrational frequencies of
the pyridine-acetic acid complex. Furthermore, the effect of the specific solvation by one more formic acid
molecule and one methanol molecule has also been considered. Both solvents enhance substantially the strength
of the N--H—O hydrogen bond as shown by the decrease of thélMistance and the appreciable red shift

of the O—H vibrational mode upon solvation.

hydrogen-bond interactions. In particular, analysis of the stretch-
ing bands of the carbonyl group allows the discrimination
between those €0 groups which are engaged in hydrogen
bonds and those which are rféthe band corresponding to the
ionic structure is found at smaller wavenumbers. Nevertheless,
substantial care has to be exercised since the barrier of the proton
between the two limiting structures is normally I&wherefore,

I. Introduction

Hydrogen bondingconstitutes one salient structural element
of clusterd and of many large molecules such as proteins,
nucleic acids, and polymerg.It is well known that hydrogen
bonds might occur both within the same molecule (intramo-
lecular) and between two different molecules (intermolecular).

In e|'.[her case, hydrogen bondmg deFermlnes largely the 9€0"the experimental elucidation of the structure is difficult. Parallel

metrical structure of the resu!tlng enpty. i . progress has also been led by Lee et%iyho showed that
There are many examples in the literature that illustrate this X-ray photoelectron spectroscopy (XPS) might also be useful

point. Thus, recently, it has been reported that intramolecular {; \hveil both ionic and hydrogen-bonding interactions in

hydrogen bonding, along with extensive intermolecular aromatic complexes involving polytvinylpyridine) ( = 2, 4).

stacking, is the driving force which stabilizes double-stranded The interpolymer complexes formed by poly(acrylic acid)

helices that are formed through dimerization of several carefully
selected oligomersThis is in sharp contrast with the structure
of other dimers formed by large molecules, including DNA,
where hydrogen bonding determines the mode of interstrand

association, and aromatic stacking takes place within each of

the two different strands.

Equally relevant is the role played by hydrogen bonding in
the sticking forces arising in the formation processes of
interpolymer complexes. In particular, the nature of the inter-
polymer interaction between poly(carboxylic acid)s and poly-
(n-vinylpyridine) (n 2, 4) has been a matter of great
controversy. These carboxylic aeigyridine systems may adopt
two different proton-limiting structures, namely, ©HN =
O~-+-H'N, which yield hydrogen-bonding and ionic interpoly-
mer interactions, respectively.

Probing the structure of these complexes has turned out to.

be rather challenging. However, substantial progress in the field
has been led by Coleman and Pairftexho have taken
advantage of the fine sensitivity of FTIR spectroscopy to
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(PAA) and poly(methacrylic acid) (PMAA) with poly(2-
vinylpyrinde) (P2VPy) and poly(4-vinylpyrinde) (P4VPy) have
been the subject of considerable experimental effort. Thus,
Fujimori et all® and Inai et al? reported the presence of
hydrogen bonding between PAA or PMAA with P4VPy and
PAA with P4VPy, respectively. On the other hand, Oyama and
Nakajima? found evidence of ionized carboxylic groups in
PAA/P4VPYy by infrared spectroscopy but were unable to find
the signature of pyridinium ions in their XPS experiments.
Finally, Zhou et al* in a combined XPS and FTIR experi-
mental investigation, showed that the interactions of PAA with
both P4VPy and P2VPy were ionic, while their data for the
corresponding PMAA complexes was very supportive of
hydrogen-bonding type of interaction.

The plethora of experimental findings, mentioned above,
indicate that the basis of the interaction between carboxylic acids
and pyridine is not well understood. Therefore, fundamental
studies are required to shed light on this interesting problem.
With this in mind, we will study in this paper the hydrogen-
bonded complexes of formic acid and pyridine. We will focus
our main attention on the structural determination of the resulting
clusters, because they serve as model systems for larger
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aggregates. In addition, we will determine the nature and

strength of the intermolecular bonding and finally, the experi- o

. . . oW
mentally relevant vibrations will be analyzed. ‘l* ;l""
. ,Q~Q'ﬁ\.
II. Computational Methods Time |

All calculations were carried out with the GAUSSIANSS
package. It has already been proven that the density functional
theory (DFT) methods give excellent results in most chemical
systems® The DFT hybrid methods correct the pure DFT 1
overestimation of the bond dissociation enerdiess validated
by Johnson et &€ The Becke proposed hyb#B3) together
with the LYP correlation functionals have been chosen for
this work. Particularly relevant for the present investigation is
the paper of Rablen et & who examined systematically the
energies and structures of 53 hydrogen-bonded complexes of
water with several various organic molecules. They concluded 3 4 5
that B3LYP provides an affordable and reliable means of rigire 1. Geometries of the pyridineformic acid binary complexes
determining the strengths of hydrogen-bonding interactions, optimized at the B3LYP/6-31-+G(d,p) level of theory. Distances
yielding dissociation energies in agreement with the best shown are in angstroms.
calculations available. Hence, for the sake of conciseness, we

will not check further the appropriateness of B3LYP and will The second most stable cluster is shown in Figure 1 as
concentrate on the structure and vibrational spectra of the title structure2. In this cluster the pyridine and the formic acid
complexes. moieties lie in planes perpendicular to each other. Notice that

The all electron 6-311G split valence basis set augmentedthe N--+H distance has lengthened from 1.72 Alino 1.77 A
with a diffuse sp-set of functions and a polarization set of p- in 2. This is a clear indication of a cooperative effect between
and d-functions has been used in this work (6-8315(d,p)). the two hydrogen-bonding interactions of structure The

Frequencies were calculated at this level of theory and the presence of €H---O hydrogen-bonding interaction in structure
corresponding zero-point vibrational energy (ZPVE) corrections 1 strengthens the interaction between the pyridinic nitrogen and
were made to the total energy. All the calculated frequencies the acid hydrogen of the formic acid. We shall give more
have been scaled down by 0.9613 as recommended by ¥ong. evidence of this effect in subsection 1l1B. Notice that the relative
The binding energy was evaluated with the ZPVE corrected orientation of the—COOH group around pyridine is now
energies a®e = (Ea + Eg) — Eag, Where AB stands for the  dictated by the linearity of the NH—O hydrogen bond and
complex, and A and B for each of the two molecules of the the avoiding of the Fermi repulsion resulting from th@gostic
cluster. Since the basis set used in the present calculations ist-electron interaction between the ortho hydrogen of the pyridine
large enough, it is expected to yield a small basis set superposi-and the remaining hydrogen of the formic acid. Indeed, the
tion error for the calculated dissociation energies. Indeed, for planar structure resulting from rotating2 rad around the ©H
the least favorable case (structddeghe BSSE, estimated using  single bond of the carboxylic acid, for which the Fermi repulsion
the counterposie methd@24is only 0.87 kcal/mol. Since this  is maximum, is the transition state that connects the two
value is smaller than the accuracy of the comptutational method equivalent structures oR with respect to the molecular
used to calculate it, we shall not consider hereafter correctionssymmetry plane. Nevertheless, this Fermi repulsion is small and
due to BSSE. consequently, the NH distance of the M-H—O hydrogen bond

The Natural Bond Orbita? analysis was used to understand of TS22, 1.78 A, is very similar to that o2, 1.77 A.
better the nature of the corresponding intermolecular interac-  Structure3 is the next most stable isomer found. Inspection
tions. Natural Bond Orbital analysis was performed on the of its geometrical features indicates that there might be two
polyatomic wave functiott using the NBO prograf of the hydrogen-bonding interactions, which are highlighted in Figure
GAUSSIAN package and the natural charges of the atoms were1 as dotted lines. Notice, however, that none of them is linear.
also evaluated. This method localizes the molecular orbitals andAlso remarkable is the long distances between the hydrogens
provides data that are in good agreement with the concepts ofand their corresponding acceptor atoms. For the stronger
Lewis structures and the basic Paulifi§later—Coulson picture hydrogen bond oB, that is, N+-H—C, the N--H distance is
of bond hybridization and polarization. For a good review of 240 A, 0.68 A larger than its corresponding distance in structure
NBO and its applications, see the review article by Reed, Curtis, 1. The weakest hydrogen bond 8fhas a H--O distance of

and Weinhold® 2.68 which is 0.22 A larger than its corresponding distance in
The MOLDEN® program was used to visualize and draw 1.
the figures. Structure4, shown in Figure 1, has one hydrogen-bonding

interaction N--H—C, depicted in Figure 1 by a dotted line. The

pseudolinearity of this bond precludes the relative orientation
A. Geometries.Several stable structures were found at the of the carboxylic acid with respect to the pyridine moiety in

potential energy surface of the formic acid pyridine cluster. The the cluster. The N-H length, 2.32 A, of this hydrogen bond is

most stable structures are shown in Figure 1. slightly shorter than that of structu® 2.40 A. The distance
Structurel is the most stable structure characterized in this between theo-hydrogen of the pyridine and the hydroxylic

study. Inspection of its geometry reveals the presence of two 0xygen of the acid, 3.34 A, is too large as to support a hydrogen-

hydrogen-bonding interactions, namely,:#i—O and G-H--- bonding interaction.

O. The relative orientation of the carboxylic acid is dictated by  Finally, we have been able to characterize structuréhis

the linearity of the N--H—O hydrogen bond. cluster is held together by a tiny hydrogen-bonding interaction

I1l. Results and Discussion
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TABLE 1: Binding Energies D, (kcal/mol), the Donor ¢, and
Acceptor ¢; Molecular Orbitals, and Their Corresponding

Second-Order Interaction EnergiesAEY (kcal/mol) of the
Hydrogen-Bonded Structures Shown in Figure 1

structure De & ¢ E?

1 11.10 =05 34.24

No— 0 1.21
2 6.43 A 25.05
TS22 6.16 nN— Ug—H 22.04
3 2.89 M — 0%, 2.35

No— 0p_y, 0.79
4 2.60 M — 0%, 5.07
5 1.79 . 1.00

between the carboxylic oxygen and tffehydrogen of the
pyridine. The G-H-+-O distance is 2.64 A. Inspection of Figure
1 reveals that the €H---O bond angle is far from linearity.
Our optimized value is 124%6
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TABLE 2: Frequency Shifts2 and Frequencies of Selected
Hydrogen-Bond Vibrational Modes?

structure  Avy Avy Vhb Vhbs V3 V4
present work Py¥+-HCOOH
1 14.8 776 120 192 78 1699
2 13.2 526 107 162 1758
6 16.8 875 110 79 1701
7 16.8 957 96 82 1634
experimental values for P¥CH;COOH
13.5 714-857 124 172 75 1700

aUpon complexation of the fully symmetrical stretching vibration
of pyridine, Av1, and of the stretching mode of the formic acid’s-B
bond, Av,, in cmL. P Frequencies of the hydrogen-bond vibrational
modes, vy, With more librational character andyps with more
stretching character, in crh Frequencies of the stretching modes of
CH ---O hydrogen bondys, and of the GO of the formic acidys, in
cm L,

smaller than the corresponding interaction energy of structure

Additionally, we have found two more stable structures 1. Namely, the weak €H---O hydrogen bond of promotes
involving hydrogen-bonding donor interactions with the ortho an electronic rearrangement in the cluster resulting in a
and meta and meta and para hydrogens of pyridine, respectivelysubstantially stronger f\+H—O hydrogen-bonding interaction.
However, these structures are predicted to be more unstable thar his analysis suggests that despite its weakness, the-C€O
the separated formic acid and pyridine fragments. They lie 2.23 hydrogen bond has a great influence on the overall binding
and 2.19 kcal/mol higher in energy than the separated fragmentsenergy ofl.
respectively. They should be seen as metastable structures with As indicated in section IllA, the planar structure2yidepicted
an expected small kinetic barrier toward fragmentation, since in Figure 1 asTS22 corresponds to the transition state which
the potential energy surface is flat in this region. These structuresconnects the two equivalent structure2pfesulting from the

are very unlikely to be detected.

B. Energetics.Table 1 collects the binding energies of the
clusters characterized in this work.has a binding energy of
11.1 kcal/mol. Remk® predicted a binding energy of 12.01

inversion with respect to the pyridine plane. The energy barrier
between these two equivalent minima is only 0.27 kcal/mol.
This suggests that the rotation around the-N—O hydrogen

bond of2 is essentially free at room temperature. As expected,

kcal/mol for the hydrogen-bonded system cluster of the acetic the second-order interaction energy of the-N—O hydrogen
acid and pyridine. His semiempirical PCILO calculation agrees bond of TS22is very similar to that o2, see Table 1.
well with our value for the corresponding cluster of the formic The weakly bound clustef 4, and5, with binding energies
acid. of less than 3 kcal/mol, as shown in Table 1, have accordingly
The second most stable cluster, struct@rhas 4.67 kcal/ small second-order interaction energies.
mol less binding energy. Recall thabhas two hydrogen-bonding C. Vibrational Spectra. The vibrational spectrum of the
interactions, N--H—0O and C-H---O, while only the formeris  charge-transfer complex between pyridine and formic acid has
present in2. This might be tempting of ascribing a bonding not been reported so far. However, considerable effort has been
energy of 6.43 kcal/mol to the NH—O hydrogen bond ot paid to interpretation and assignment of the vibrational spectrum
and 4.67 kcal/mol to the €H---O hydrogen bond ofl. of the pyridine and acetic acid complex. We have collected in
However, analysis of the NBO second-order interaction energies Table 2 the available experimental information on the complex
corresponding to these hydrogen-bonding interactions points topetween pyridine and acetic acid, along with our predictions
a different interpretation. The NBO second-order interaction for the pyridine-formic acid complex.
energies are calculated as Mashkovsky and Odinok&¥found that the fully symmetrical
stretching vibration of pyridine shifted 13.5 cftoward higher
frequencies upon complexation with the acetic acid. Our
calculations, for the formic acidpyridine complex, show that
the A fully symmetrical stretching vibration of pyridine has a
frequency of 971.2 crit, while the corresponding vibration for
the most stable isomer of the complex, structiirevhich has
A’ symmetry, has a frequency of 986.0 Thhand the corre-
sponding frequency fo? is at 984.4 cmt. The shifts of this
vibrational mode upon complex formation are, therefore, 14.8
Inspection of Table 1 reveals that the-NH—O hydrogen cm! for 1 and 13.2 cm? for 2, which agree well with the
bond of structurel is remarkably strong, with a large second- experimentally observed shift of the related acetic acid complex
order interaction energy of 34.24 kcal/mol. However, the and puts forward the slight influence of the methyl group of
C—H-+-O hydrogen bond has a second-order interaction energythe acidic moiety of the complex on this normal vibrational
1 order of magnitude smaller, that is, 1.21 kcal/mol. Therefore, mode associated with the pyridine moiety.
the bulk of the bonding interaction ib should be ascribed to In a related study, Langner and Zun8egported the far-IR
the N--H—O hydrogen bond, being the contribution of the hydrogen-bond vibrations of the acetic acflyridine complex.
C—H---O hydrogen-bonding interaction considerably smaller. They found two hydrogen-bond vibration bands at 124 and 172
Concomitantly, the N-H—O hydrogen bond a2 has a second-  cm™1, respectively. The former has librational character with
order interaction energy of 25.05 kcal/mol, which is substantially the carboxylic acid and the pyridine moieties performing a

E Gi - Ej

1)

where ¢; is the donor molecular orbitalp; is the acceptor
molecular orbital, and; ande; are their corresponding energy
eigenvaluesAE(” measures the strength of the doneccep-
tor interaction between orbitads and¢; and appears to be well
suited to examine hydrogen-bonding interactiéhs.
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pseudorotational motion against each other. The latter band has
more stretching character. We have been able to characterize
the normal modes associated with these two bands for our formic
acid—pyridine complex. For structurg, they are predicted at
120.1 cnrt and 192.3 cm?, respectively. These numbers agree
well with both the experimental observation of the related acetic .*?‘\”‘"
acid complex and the DFT/TZVP calculations of Langner and .zh
Zunde? of 122 and 192 cmt, respectively, for the two

hydrogen-bond vibrations of the latter complex. The corre-

sponding frequencies of structizdave been calculated at 107.0 ‘_i o ) _7
and 162.0 cm?, respectively. Figure 2. Geometries of the pyridineformic acid-methanol6, and

. 5 pyridine—formic acid—formic acid,7, ternary complexes optimized at
Recently, Drichko et aq have measured the frequency of ne B3LYP/6-313+G(d,p) level of theory. Distances shown are in
the hydrogen-bond vibration with stretching character in various angstroms.

solvents. Their data confirm the results of Langner and Zundel

and in addition found that this band shifts toward higher although its intensity of 73.6 km/mol is 2 orders of magnitude
frequencies in the series hexane, carbon tetrachloride, chloro-smaller than that of the ©H stretching. Further analysis of
form solvents. Such a frequency shift indicates that the strengththis mode reveals that it corresponds to the aliphatieCH
of the Nr--H—0 hydrogen bond interaction increases with the stretching of the formic acid rather than to the-B stretching
polarity of the solvent? of the N+*H—O hydrogen bond, as if.

Nevertheless, for structutke we have characterized another Experimental studies of the €H vibrational band of the
interesting vibrational mode at 77.6 cfp which can be carboxyl indicate that it has a strong dependence on the polarity
associated with the hydrogen-bond vibration with stretching of the solvent as reported by Drichko et*alThey also found
character of the €H---O hydrogen-bonding interaction af that the transition from the gas phase to solution decreases the
This band, which has a small predicted IR intensity of 4 km/ absorption frequency of this band by800 cntl. Since their
mol, can also be appreciated as a small peak in the far-IR measuredo- absorption frequencies lie within 2434 and 2577
spectrum of monochloroacetic aeigyridine complex as re-  ¢m™! for solvents with different polarity, our calculateg_n
ported by Langner and Zundel in their figure 7 of reference 9. frequencies of 2815 and 3065 chfor 1 and 2, respectively,
This is very supportive of the existence of such a weak agree with their experimental results.

o]
T 1.65 |
q { 2503
¢ i

hydrogen-bonding interaction between thenydrogen of the D. The Effect of Specific SolvatationWe have considered
pyridine with carboxylic oxygen of the formic acid, as we have  the effect of the specific solvation of the formic acid fragment
put forward in section IIIB. of the complex on the hydrogen-bonding interaction of our most

The absorption frequency of the stretching vibrational mode stable cluster structure Methanol and one extra formic acid
of the C=0 double bond of the carboxyl has been studied in were chosen as “specific” solvent molecules. The former is
detail by both Langner and Zundelnd Drichko et af? Thus, normally used as the solvent in the preparation of the inter-
Langner and Zundel found that the=© stretching band absorbs  polymer complexes between polyacids and polypyridi#e8:14
at 1720 cn?! for the acetic acid pyridine complex in chloro- One optimized stable structure of each of these three fragment
form at 20°C. This band shifts to 1700 crh on cooling to complexes are shown in Figure 2. We will like to emphasize
—40 °C. Our calculations predict that the=@® stretching that this paper is not aimed at a complete conformational

vibrational mode of structuré of the formic acid-pyridine investigation of the isomers of eith@or 7. Therefore, structures
complex absorbs at 1699 cf in surprisingly nice agreement 6 and 7 of Figure 2 do not necessarily correspond with the
with the experimental observation. For struct@ethe corre- absoluteminimum energy structures of their corresponding

sponding G=0 absorption frequency is calculated at 1758 &€m  potential energy surfaces. However, both structures are stable
Drichko et al.32 on the other hand, reported a band at 1725 minima and therefore could be used to illustrate the effect of

cm1 associated with the<€0 stretching vibrational mode for ~ specific solvation.

the complex formed between acetic acid and pyridine in hexane Nevertheless, it is clear from the inspection of bond lengths

at room temperature and a Fermi resonance with the first given in Figure 2 that specific solvation of the carbonyl oxygen

overtone of the &C vibration of the acetic acid at 1755 cfn of the formic acid by either methanol or another formic acid
Since, formic acid cannot have such aC vibration, it is molecule decreases substantially the i distance of the M-
predicted that the Fermi resonance at 1755%will be absent O—H hydrogen bond. Thus, for the methanol solvated complex
in the vibrational spectrum of the formic aeigyridine the N---H distance shrinks 0.03 A, while for the formic acid
complex. solvated complex the corresponding reduction of the-H

The stretching mode of the -€H of the carboxyl group  distance is 0.05 A.
involved in the N+H—O hydrogen bond undergoes a remark- ~ Concomitantly, we have observed, from the Natural Bonding
able shift toward lower frequencies upon complexation. Thus, Analysis of the electronic density, an increase of the strength

we have been able to identify such a vibrational modelfat of the Nr--O—H hydrogen-bonding interaction. Namely, fér
2815 cntl, while the corresponding frequency of the formic the second-order interaction energy between the nitrogen’s lone
acid has been found at 3591 cinThe Av is 776 cm! for 1. pair and the €&H antibonding sigma orbital is 36.94 kcal/mol

This should be compared with ther of the G=0 stretching and for 7 is 42.25 kcal/mol. This higher strength of the
mode of only 45 cm? for the same structure. The frequency of intramolecular interactions i is also reflected in its higher

the corresponding ©H stretching of structurg is 3065 cnr?, bonding energy: 20.0 kcal/mol, as compared to the 12.42 kcal/
250 cnt? higher tharil. This comes along with the weaker-N mol bonding energy o6.
H—O hydrogen-bonding interaction d@ relative to 1, as The modifications of the vibrational spectrum of the complex

discussed in section IlIB. Nevertheless, our calculations for induced by the solvent molecule are worth mentioning. Thus,
structure 2 predict an absorption frequency at 2815 ém while the symmetrical vibrational stretching of pyridine is hardly
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affected by the presence of the solvent molecule, its frequencybond. This is best seen by inspection of the correspondingl O

blue shifts 2 cm? for both 6 and 7, relative to the unsolvated
complex, the far-IR hydrogen-bond vibrations show large shifts.
For instance, the vibrational mode with more librational
character fol6 appears at 110 cn and at 96 cm? for 7. Both
frequencies are red shifted 8 cfmand 24 cm?, respectively,
with respect to the unsolvated structdrélThe mode with more
stretching character is slightly blue shifted, by 2 and 5tm
for 6 and7, respectively. These results are in accordance with
a stronger N--H—O hydrogen-bonding interaction in the
“solvated” complexes.

The CG=0 stretching of the methanol solvated compéeis
also slightly blue shifted with respect tbh Our calculations
predict a tiny shift of only 2 cm'. However, for the formic
acid solvated complex the=€0 stretching is predicted at 1634
cmt, namely, 65 cm?! lower than the unsolvated compléx
Remarkably, we have found that the=O stretching of the
solvating formic acid absorbs at 1701 Tt This is a well
known fact that associatedhe ones involved in hydrogen
bonds-C=0 acid groups resonate at lower frequenéiés.

Finally, the O-H stretching of the carboxyl group involved
in the N---H—0O hydrogen bond is appreciably red shifted upon
specific complexation by either methanol or formic acid. The
correspondingo-n absorption frequency @ is calculated at
2716 cnt?, 99 cn1! lower with respect td. The corresponding
shift for 7 is predicted to be a remarkable 181 Tmwith its
O—H vibrating at 2634 cm! These highlight nicely the
reduction of the G-H bond strength in the serids6, 7, which

can hardly be anticipated by the inspection of their correspond-

ing bond length increase, 1.007 A far 1.018 A for6, and
1.022 A for7.

IV. Conclusions

Pyridine and formic acid orient preferably parallel to each
other on the same molecular plane. This maximizes the
hydrogen-bonding interaction between the N and theCHof
the formic acid. By the same token, this orientation allows for
a second weak hydrogen-bonding interaction betweenathe
C—H of the pyridine and the carboxylic oxygen of the formic

vibrational frequencies. Our calculation predicts a red shift for
the O-H vibration of 99 cnt! for the methanol solvated
structure6 and 181 cm? for the formic acid solvated structure
7, with respect to the unsolvated structure
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Thus, structures, 4, and5 are very weakly bound, by less
than 3 kcal/mol, with respect to their fragments, which hampers
their experimental detection.

The normal analyses of the structurksnd 2 agree nicely
with the reported experimental mid- and far-IR frequencies of
the related pyridineacetic acid complex. Additionally, our

calculations suggest that the tiny peak observed at the low end

of the far-IR region could be assigned to the librational mode
of the agostic hydrogen-bonding interaction of structur€his
feature has passed without remark up to date.

Finally, as shown in the discussion of structuéesnd?7, we
have found that specific solvation of the most stable complex
isomer1 leads to a strengthening of the-NH—O hydrogen
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