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Abstract

1H,15N and 13C NMR spectra of H-bonded compiexes of 1SN-enriched pyridine (Y)
with various strong proton donors (XH) were obtained in a range of solvents with
different dielectric constant at iow temperature. Chemical shifts and nuciear magne-
tic relaxation times, T,, were measured. A procedure for evaluating the mean N-H
distance in the complexes using T, values for 5N and 13C nuclei treated as deter-
mined by dipole-dipole coupling with nearest protons is proposed. The results point
to a gradual shift of the average proton position towards the N atom, with increasing
the XH acidity. For a given compiex, the N-H distance falls with the ¢ dielectric
constant of a solvent, linear correlation between ry_y and the reactive field factor,
F=(e-1)/(2e+1), being observed. The analogous correlation was found for the AS
values. For interpretation of the effect, an anharmonic two-dimensional modei of H-
bond in connection with the Onsager-Butcher potential was used. It was found that
the reactive field of a solvent causes the N-H bond to shorten due to the specific
feature of the dipole moment function common for nearly all XH...Y and X-...HY+
complexes (0u/oRy.4<0) With the required parameters taken from IR spectra, this
model gives a reasonable coincidence with the experimental Ary, values.

introduction

The question of location of the bridging proton inside complexes with a
very strong hydrogen bond was intensively discussed in literature for a long
time [1-5]. The transformation of a molecular complex, XH...Y, into an ionic
pair, X...HY*, with strengthening the acid-base interaction can be performed
in two ways, namely, by smooth shift of the proton equilibrium position or by
the shift of the tautomeric equilibrium between two forms of the complex,
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XH...Y <===> X-,, HY+ )]
in the case of intermediate interaction strength, the structure of the complex
can correspond to the so-called "quasi-symmetric® H-bond, X%...H...Y?*, or
tautomerism involving the reversible proton transfer. The potential energy
surface of the interaction contains either one broad minimum corresponding to
the central position of the proton, or two minima separated by a barrier
determining the frequency of the reversible proton transfer. Some experimental
evidences are available for both the types of proton location and, respectively,
of potential surface evoiution with strengthening the acid-base interaction to be
possible [6-8]. The "symmetric® type of proton location is characteristic of
extremely strong and short hydrogen bonds, like in homo-conjugated ions,

show that, with increasing the intemuciear Ry y distance, the only potential
minimum transforms into the double potential well, with the barrier height
depending on this distance. The reversible intracomplex proton transfer is thus
more characteristic of comparatively long H-bonds.

The question of how the solvent polarity influences H-bond strength and the
proton location in intermolecular hydrogen bonds is unclear. The calorimetric
data [11] point distinctly to some decrease in the complex formation enthalpy
with solvent polarity rising. The same result was obtained [12] from the
measured T-dependencies of the association constants. The weakening of H-
bonds by a polar medium is, however, in a sharp contradiction to some data on
the changes of spectral parameters sensitive to H-bond formation. Thus, in
[13-16] it was found that the low frequency shift of the stretching vy, vibration
for a range of polar XH...Y complexes rises by 10-50 % upon transfer from the
gaseous phase to an apolar solvent, this rising proceeds with increasing the
solvent dielectric constant, £. This effect is largest for compact highly polar
complexes, like FH...N=CH. Since the frequency shift (as compared to the vy,
vibration in *free® XH molecules) can be correlated with the H-bond enthalpy
[17], these data may indicate some "strengthening” of intermolecular H-bonds
upon their transfer into a polar medium.

in Ref.[18,19] an attempt of quantitative evaluation of the frequency shifts
was made for two vibrations, vy, and vyy, using a two-dimensional anharmonic
model of H-bond, the medium influence being taken into account using the
Onsager-Butcher potential. This approach allowed to account for the medium
effects observed in IR spectra of weakly H-bonded complexes. Besides, more
direct manifestations of H-bond strengthening were predicted, i.e., some
decrease of the Ry, H-bond length and increase of the ry, covalent bond
iength due to the polarization of a complex by the reactive field of a medium.
The effect must be much more considerable for strongly H-bonded complexes
with high values of dipole moment, p, and its derivatives on the Ry.y and Ty
coordinates.

For experimental detection of this effect, a physical method is required
providing the measurement of mean internuclear distances for molecules
dissolved in liquids. At present, no general technique suitable for this purpose
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is known. When comparing structural parameters of H-bonds in the gaseous
and crystalline states [1,2,20,21], the conclusion may be drawn that the same
crystalline complexes are obviously more compact. in some cases the
iengthening of an X-H bond upon the gas-solid state transfer was detected.
Well-known examples of this effect are the HalH-amine complexes, which,
while being molecular in the gas phase, give usually typical ionic crystals
[22,23]. (The only gaseous complex having a structure close to an ionic pair is
probably (CHj)sN...HBr, [23,24].) The origin of this transformation may be the
influence of crystaliine field as well as the co-operativity effect. At any rate, the
influence of surroundings on the structure of easily polarisable hydrogen bonds
can be very strong.

In the present paper the proton location in the complexes of 15N isotopically
enriched pyridine with various strong proton donors (carboxylic acids) in a
range of aprotic solvents by means of different NMR techniques is studied.
These very strongly H-bonded complexes are of most interest from the point
of view of proton location. When considering IR spectra of the complexes with
mono- and dichloroacetic acids, D.Barrow first suggested the molecular-ionic
tautomerism involving reversible proton transfer [25]. This conclusion was,
however, doubted by some authors [26,27] on the basis of extremely iow
frequency of the longitudinal proton vibration, close to that for the homo-
conjugated bipyridinium ion. In Ref.[28] the so-called Evans holes were found
on the broad band referred to this vibration corresponding to the frequencies
of some skeleton vibrations of both XH and Y fragments, which can be
considered as an indication to the symmetric type of proton location. However,
the question of the structure of pyridine complexes with carboxylic acids like
mono- and dichloroacetic acids is unclear so far.

In this paper an attempt is made to evaluate the mean internuclear N-H
distance in dissolved complexes of pyridine. To solve this problem for the
particular case of the X-H...N hydrogen bridges, the longitudinal magnetic
relaxation time, T,, for the 15N nucleus can be used. This value is determined
mainly by the magnetic dipole-dipole coupling of this nucleus with the nearest
proton. in literature, some applications of the magnetic relaxation method to
determination of internuclear distances between covalently unbound atoms and
groups are available [29], although we have found no example of this method
to be applied to studying geometry of hydrogen bonds in liquids.

Strong changes in the measured ryy values are found with changing the
solvent polarity. The results are interpreted using the model [18,19] combined
with the dipole moment function proposed in [30].

Experimental

15N-substituted pyridine (98.4 % isotope purity) was kindly put at our
disposal by Prof. H.-H.Limbach (Freie Universitat Berlin). The solvents
(dichioromethane-D,, chloroform-D, difiuorochioromethane CDF,CI, butyl
chioride, squalane, hexachlorobutadiene, butyronitrile) from "Sigma® and
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"Aldrich" were used without purification. The samples were prepared using a
vacuum unit;, oxygen was removed from the solutions by a conventional
freezing-evacuating-thawing procedure.

NMR spectra were recorded on an AC-200 Bruker instrument (200.1 MHz
for 1H, 50.3 MHz for 13C, 20.3 MHz for 15N). To shift the equilibrium between
the "free” molecules and the complexes, as well as to slow down
intermolecular exchange processes, lowering the temperature down to 110-
180 K was required, depending on the acid strength. The temperature was
maintained and measured within the accuracy 1 K using a BVT-1000 Bruker
system and a special low temperature probehead. Absence of "free” pyridine
molecules in solutions was verified by IR absorption spectra (an IFS 25 Bruker
instrument).

As the problem of an ideal standard molecule for measuring SN chemical
shifts is not yet solved, in the present research we used high long term
stability of the frequency/magnetic field ratio of the instrument under the
conditions of the intemnal deuterium lock (<1 Hz/hour) which allowed to avoid
using any standards. First, the absolute resonant frequency was measured for
a solution containing pure pyridine (in a given solvent at 230 K). Then this
frequency was measured for the same solution with an XH proton donor
added. The chemical shift (ppm) due to complex formation was taken as:

A8y = (8y - 830)/8\° .(This technique would correspond to using the "free”
pyridine molecule as a standard in case of its NMR signals being observed
separately.) The '3C and 5N chemical shifts were measured in the CPD
regime.

The measurement of the T, values was performed using the conventional
180-1t-90 (INVREC) puise sequence. The spectra were accumulated until the
standard deviation upon computer processing the data becomes as low as
AT,/T,=0.02. The viscosity of solvents was varied by changing the tempera-
ture so that the T, values were found in a convenient region, 0.1 + 5 s,

For measuring the mean N-H internuclear distance in the complexes, the
following procedure suitable for liquid solutions is proposed. The time of
longitudinal magnetic spin relaxation of nuclei with comparatively iow magnetic
moment, like 15N and 13C, in organic molecules, is determined mainly by
dipole-dipole magnetic coupling with nearest protons, modulated by rotational
diffusion [31]. In the "extreme narrowing limit* which holds for not very viscous
liquids, the part of the relaxation rate due to the intramolecular coupling with
the only proton is: Ty 1=h2yx2yy2(rxH)5t., where v is the hyromagnetic ratio
and 1, - the correlation time for rotational diffusion. As far as pyridine
complexes are concerned, the relaxation rate for its 15N nucleus can be written
as:

T;-{(NH)= bRyn2yH2(rNH) St + Ty ), (2)
where T, describes additional mechanisms of magnetic relaxation (caused
mainly by magnetic coupling with two ortho-protons in the molecule and
intermolecular coupling with nuclei of a solvent). To eliminate the unknown
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values, 1, and 7,, experimental relaxation times for the 2-13C pyridine nucleus
and N nucleus in the deuterio XD...Y complexes were drawn. it seems
reasonable to assume that, under the identicali conditions (solvent and
temperature), the additional relaxation rate of the 15N nucleus is the same (T,
= const) for both XH...Y and XD...Y complexes. Some more suppositions were
made: a)the molecule is rigid and, therefore, the only correlation time is valid
for all the nuciei; b)the relaxation of the 2-13C nucleus is determined by
magnetic coupling with the only covalently bound proton; the rgi distance is
independent of H-bond formation and can be taken from literature;
c)geometric parameters and rotational correiation times of the XH...Y and
XD...Y complexes are identical. The last supposition is not quite correct,
however, our evaluations showed that neglecting the difference cannot lead to
the error in measuring ry4 more than 0.1%. Upon writing and solving the (2))
equations for three relaxation times, T,(15NH), T;(}ND) and T,('3CH), we
obtain:

T,-(CH)
(nen)® = (WY -0/l ——m——— (rcw)® (3)
T+ 1(NH) - T,-1(ND)

With the experimental standard deviation, AT,/T,= 0.02, for the accuracy in
evaluating ryy the (3) equation gives Ar/r =~ 0.008. Actually, the reproduci-bility
of thus measured ry, distances did not exceed 0.3% (0.003 A). The account of
additional relaxation mechanisms by accounting the T1'1(ND) member proved
to be essential only for high ry, distances (> 1.3 A).

To check up the stability of obtained values, for one of the complexes,
pyridine-acetic acid in butyl chioride, the measurements were performed in a
temperature range, T= 150+190 K. Due to a strong temperature dependence
of the solvent viscosity, the obtained T, times varied by one order of
magnitude. Nevertheless, the caiculated ry, value proved to be practically
constant (1.376 + 0.003 A). For another compiex (the pyridinium perchiorate
salt), the value ry, =0.984 10.003 A can be compared with that obtained by
neutron diffraction technique in the crystalline state (0.98 A, {1]).

Experimental Resuits

In Fig.1 the 'H spectra of one of the examined systems, pyridine + formic
acid in CDF,Cl at ~120 K, with an excess of both the proton donor and proton
acceptor, are represented as a typical example of low temperature NMR
spectra of acid-base systems (some other examples are given in [32,33].. In
an excess of pyridine, the only signal of the bridging proton is observed which
can be assigned to the 1:1 complex. Its doublet splitting is due to spin-spin
coupiing with the CH-proton of formic acid (which was proved by a double
resonance experiment), no sign of spin-spin coupling with the 15N nucleus is
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seen. Thus, this complex must have a typical molecular structure, XH...Y. In
the double excess of the acid, two low-field signals are observed, one of them
coupled with the 5N nucleus and the other being a broad singlet. This
spectrum can be assigned to the 2:1 complex having a structure close to
ionic, XH...X-...HY+. it is important that this formula cannot describe exactly the
structure, as the Jy, value (65 Hz) is smaller than ~90-95 Hz, characteristic of
the pyridinium cation [31]. Unfortunately, in this case the OH-signal
broadening due to, probably, a residual intermolecular exchange deprives us
of the possibility to measure another coupling constant, Jy,, in the homo-
conjugated anion, XH...X- even at 120 K. At any rate, all the spectra taken at
the equimolar XH/Y ratio contain narrow well-resolved signals. This enabled
us to consider spectral parameters obtained under these conditions as
unaffected by any chemical exchange and assigned to the "pure® 1:1 complex.
Compiexes of more complicated composition will not be discussed in the
present paper.

in Table 1 the measured chemical shifts of the N nucleus, Aby, for a
number of 1:1 pyridine complexes (in CD,Cl, at 160 K) are presented together
with the r,,_, mean value calculated from the equation (3) using rc., = 1.02 A.
It is seen that increase of the XH acidity leads to gradual approaching the
bridging proton to the nitrogen atom, from ry., =1.4 A, which is characteristic
of a strong hydrogen bond, to 0.98 A, typical for pyridinium cation with fully
transferred proton. For the compiex with dichioroacetic acid, an intermediate
distance, ryy = 1.22 A, is found, which might be interpreted in terms of aimost
central proton location inside the bridge (the quasi-symmetric H-bond).
However, this can be merely a result of time averaging in case of very fast
(v1>> o, where o is the NMR frequency) proton oscillation in a double well
potential.

Fig.2 shows the dependencies of chemical shifts, ASy and §,, on the
mean ry_y distance. With rising the XH acidity, the pyridine SN signal shifts
monotonously upfield towards the value characteristic of the typical ionic salt,
PyH*CIO,~. This shift is explained by a decrease of the paramagnetic
deshielding caused mainly by the contribution of an nx* triplet electronic state
to the ground state [34]. With increasing the positive charge on the nitrogen
atom, the energy difference between these levels rises. Thus, the 15N upfield
shift is determined by the *degree of proton transfer® and its correlation with
the mean N-H distance is quite comprehensible.

As far as the bridging proton signal is concerned, its chemical shift goes
through maximum (34 > 20 ppm). Analogous dependencies of various
parameters characterizing H-bond strength, on another value characterizing
the full interaction strength (e.g., ApK,) were found in a number of papers
[e.g.,4,6,17,27] and interpreted as gradual strengthening the hydrogen bond
until the "quasi-symmetric” limit is reached. Subsequent increase of the acid
strength results in weakening the H-bond, which is now formed by a
conjugated acid-base pair, the PyH* and X- ions. However, an alternative
explanation involving the tautomeric equilibrium (1) cannot be rejected. in this
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Table 1. Measured vaiues of mean N-H internuclear distance, ryy, and
chemical shifts of the'SN nucleus and the bridging proton for the 1:1;
complexes of pyridine with different acids, XH, in CD,Cl, at 160 K.

XH T A -ABy, ppm 8y, ppm
CH,COOH 1.38 25.1 16.0
HCOOH 1.30 32.0 17.5
CH,CICOOH 1.28 36.3 18.5
CHCI,COOH 1.22 59.2 20.5
CCI,COOH 1.10 80.6 20.3
CF,COOH 1.05 98.1 19.0
HCI 1.02 104.0 15.3

HCIO, 0.98 108.4 12.2
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Fig.2. Dependencies of the chemical shifts of 15N and the bridging proton in
H-bonded complexes of pyridine on the mean N-H distance.
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Fig.3. Dependencies of the mean N-H distance and the 544, ASN chemical
shifts for the pyridine-acetic acid compiex on the reactive field factor, AF, of a
solvent.
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case, the observed §,, value is averaged between those belonging to the two
forms, molecular and ionic, and determined both by the chemical shifts of
individual forms and the equilibrium position. The above data on the average
internuclear distances and chemical shifts are insufficient to distinguish
between the two models, the "quasi-symmetric” and *tautomeric®. it would be
useful to attract experimental data conceming the Jy coupling constant as
well as spectroscopic effects caused by the H/D isotope substitution. Our
preliminary data showed that these values are not characteristic of a system,
XH...Y, but depend strongly on experimental conditions (temperature, soivent
and concentration). The results of the systematic investigation will be reported
in the following communication.

Now consider the question of the influence of soilvent polarity on the
proton location. Since in the case of intermediate acid-base interaction this
influence might consist in the (1) equilibrium shift and have nothing to do with
the actual geometry of a complex, in this paper only complexes with no sign of
the tautomerism in IR spectra were studied quantitatively. A typical molecuiar
complex (with CH;COOH, Jyy=0) and a typical ionic pair (with CF;COOH,
Juy85 Hz) were chosen. It was found that increasing the dielectric constant,
€, leads to a shortening of the N-H bond which exceeds considerably the
experimental error of the method described above. Figures.3,4 represent the
dependencies of the ry.H distance as well as the chemical shifts, &y and 3y,
on one of model parameters, characterizing soivent polarity, namely, the
reactive field factor, F = (e-1)/(2e+1). All the dependencies can be
approximated by straight lines of different slope. It should be noted that these
dependencies are “self-consistent®. Taking from Fig.2 the derivatives,
ddy/dryy and dd,/dry,, at the points corresponding to the two complexes, with
acetic and trifluoroacetic acids, we obtain a reasonable coincidence of the
values, dd/dF = (dd/dry,Xdry,/dF), with the experimental slopes. Iif the
chemical shift of the bridging proton is accepted as a measure of the strength
of an H-bond, the following conclusion may be drawn: the reactive field causes
an increase in the H-bond strength for the molecular complex and a decrease
for the ionic pair. in the both cases, the mean N-H distance decreases with the
solvent polarity. This is in qualitative agreement with the IR results referred in
[16].

1.Description of the model

For interpretation of the found effect of bond length changing in an XH...Y
hydrogen bridge under the influence of a solvent, consider a linear three-mass
model characterized by three normal vibrations. Only stretching vibrations, the
high frequency v;= vy and the low-frequency v; = vyy, will be taken into
account. The potential energy can be written as:

V=Vy+V,+U I
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where Vo= 1/20,q9;2 + 1/205q3% is the harmonic part of the potential; V, =
=011G13 + 041304203 + ®43301G22 + Oaaely? - its cubic anharmonic part; U =
=Uy + U’1qq + U'3as + 1/2U%,Q42 + U™ 150,G, + 1/2U%33Q42 is an expansion of
the energy of interaction with a solvent with respect to the intramolecular
dimensionless normal coordinates. In the first approximation, q,= (y;)'/2Q,,
Q3= (12)'2Qg; Q;=Aryg, Q3=ARyy; Aryy = Qg - Qq; 1, = 4n2ocpy/h, where o, and
W are the harmonic frequency and reduced mass for both the vibrations. (For
ionic complexes, X-.. . HY+, Al'y“ = 01)

In order to obtain expressions for the changes of the equilibrium bond
lengths, Arg, = AQ, and ARyy = AQj, wave functions in the 1st and 2nd orders
of the perturbation theory were used with V; + U as a perturbation [18,19).
The relation, ©,>> o, was accounted (the adiabatic approximation), a part of
small members being neglected. Due to this approximation, the obtained
expressions are not fully symmetric with respect to the permutation of the 1,3
subscripts:

Urpy 1Y Uigbs _ ndony , Uistigyy 1) (6)
o, 20, Uw, U, Uiy 2

(1 Uﬂa133 1 U133a333 33 4~ 1 U ]_3_§ )(VS _)]
2 U@r 2 U@a 2 Up,

Aqs U3 [1 1 U33 U13U1 (1 U 0.1;; U1§3a11 1 liu(l_ln)(v’ _)_
0y 20, Up, 2 U, Uso "2 Uz,

(3% | Ysthm . 1y (6)
U3 1 2

The second order members in (5,6) depend on the quantum numbers, v, and
vy. For T>0, the thermal population of excited vibrational levels must be
accounted:

Vs 1) oPho kD) 1 -
2 1-exp(-hco, /KkT) 2
For the high frequency vibration, ®,>> kT/he, and <v;+1/2> »1/2. As to the
4 vibration, its frequency is of the same order of magnitude as kT/hc, and the
account of its population can contribute noticeably to the result.
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2. Potential of interaction with solvent
For highly polar H-bonded complexes (u=5+10 D), the main contribution to
the interaction energy can be written as [35]:

1 -~

— =- +2u,(B-A 8
St Ml 28 )1 HIBA +2)1,(B - A)] (8)
where p is the dipole moment depending on vibrational coordinates; y, - the
static dipole moment of a complex; a - the Onsager radius; ¢ - the static
dielectric constant of a medium; €, - the dielectric constant for vibrational
frequencies. Upon differentiation, at the equilibrium point (a=p,) we obtain:

_1_ €-1

b3y = —2M ety B= - —

Uys) = —2eliyeB ®==55") 9)
ey = 20 )2 A — 2t A= BT 10
Usyss) = ~2(1)°A —2p 1,8 ( —;:-,28““) (10)
Uls = —2j1i3A — 2p 4138 (1)

To calculate the derivatives, the model dipole moment function [30] was
used:
B = e T + iy + g (12)

T
Hing = Mg V' ©PI-DR-R,)l: 8t r=r, R=R, lyg=Hing

e
where n, and py refer to the monomer molecules; pe=0 for molecular
complexes, but u,= eR for ionic pairs; g is the dipole moment induced by
complex formation; ug, n and b are parameters. After differentiation with
respect to G, and q; we have:

By = Hgnom + My / \[T, (13)
b

B3 = —#ob /\[T3 = —Hygng) W\/.y‘—_— (14)

(for ionic pairs, W's= (e -pob)/¥ra)

Hisingy = 0= VMo / Yy = Bygaa /\Ta (15)

13 = —Npgb I\Y{Y 3 (16)

Mas = Hob® A7 an
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3. Quantitative evaluations for the pyridine-acetic acid compiex.

The above formulae allow to calculate alterations of the average bond length
in hydrogen bridges as a result of its transfer from vacuum into a solvent. In
order to describe our experimental data on liquid solutions, it is permissible to
neglect changes in high-frequency dielectric constant (g, » const = 2). In
order to compare the results with our experiment as well as to evaluate
relative contribution of different terms in (5,6) to the resulting value, Ary,, let
us consider the effect of transferring the pyridine-acetic acid from an apolar
(F =0.2) to a strongly polar (F~0.5) solvent. For this compiex, the following
parameters can be taken: pug « 7 D [36]; (ayy...Y)® = (ayy)® + (a,)3 = 60 A3
Spectroscopic data required for the estimation are presented in Table 2
[36,37]. The parameters of the induced dipole moment function derived from
these data are: (9u/0Q, )ng =5.4 D/A; (818/8Q4)ng = 0.63 D. Taking n = 2 [30],
re =1A, we have: (ly)ne = 2.7D; b = 2.7 A-1.The derivatives of the dipole
moment function calculated with n=2 are also given in Table 2.

As far as the anharmonic cubic constants are concerned, we have not
found their values for the particular compilex in literature. Typical are, however,
the following approximations [38]: a11/®® Gga3/®g *0.1; Gyy3/0g~ 1;
a413/0 <0.01; a,33/m, < 0.01. Neglecting the members containing the last two
factors, upon putting the required parameters from the Table 2 into (5,6), at
T = 200 K , the following result is obtained:

Agy = 0.15, Aqy = -1.12; Arg, = 0.012 A, ARy, = -0.08 A;

Ary=ARyy-Arg,= -0.092 A. (The experimental value: Aryy = 0.11 A)) it should
be noted that the very simple and approximate model gives a satisfactory
agreement with experiment. This coincidence depends, however, on the
choice of parameters.

The contributions of the terms depending on cubic force constants, ay, into
this estimation are 89%; accounting second derivatives of dipole moment, U'ij,
increases the evaluated Aryy by ~ 35%. Population of the low frequency v,
vibration caused by the temperature rising from 0 up to 200 K decreases the
effect by 12%. Thus, the observed shortening of the N-H bond by the reactive
field is determined mainly by the first terms in the equations (5,6).

4. General discussion
in order to discuss the main features of the solvent polarity effect, we limit
ourselves by the first terms in (5,6):

Ag= -0 AU = o 'aSp,n AF (18)

it is seen that the effect must be zero for non-polar complexes (u,=0). Indeed,
in [15,16] it was mentioned that IR spectra of non-polar cyclic dimers (trimers)
are practically insensitive to alteration of medium. The sign of medium
influence on different bond lengths is determined by the relative sign of dipole
moment of a complex and its derivative, u’';. For most molecular complexes, as
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Table 2. IR spectroscopic parameters and calculated parameters of the dipole
moment function of the pyridine-acetic acid complex [36,37];
derivatives of the interaction potential energy, U, calculated for
an extremely polar soivent (F = 0.5).

Parameter vy(XH) v4(XH...Y) va3(XH...Y)
v (cm-1) 3500 2500 170
A -108 (cm2/s) 30 1000 25
W, (D) 0.12 0.80 -0.48
B (A1) 10.2 8.56 ~12
/oQ; (D/A) 1.2 6.8 -5.8
(Holing (D) 2.7

T 0.80

W -0.48

TT) 0.08

[T -0.13

p.'sa 0.08

U’y (cm-1) 460

U, 280

Uy, 46

Us 75

Uss 46
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a rule, the induced dipole moment increases the "intrinsic® moment, po, > 0.
Since, p’y >0; 'y <0; Argy >0; ARyy <0; Aryy = A(Ryy - gy)< 0. Thus, polar
solvent must cause hydrogen bond to shorten (strengthen) and the covalent,
X-H, bond to lengthen. In the case of an ionic pair, the main part of its dipole
moment is determined by a large value, eR. The induced moment decreases
this value due to some "charge transfer” from anion to cation, u%, < O.
Therefore, u'<0; w'y3> 0; Aryy< 0; ARyy > 0; Arg, > 0. (It is worth reminding
that the Y-H bond length is now described by the g, normal coordinate). Thus,
in this case a polar medium makes hydrogen bond longer (weaker), which is
revealed in upfield shifting the 3, signal. In both cases, the medium effect on
the Y-H distance is negative, which is in accordance with experiment. it should
be noted that numerous experimental facts concerning the main features of
the medium effect on IR spectra of H-bonded complexes referred in [15,16]
can be treated in terms of our model. The intermediate case of quasi-
symmetric hydrogen bonds requires a special examination and theoretical
consideration. The mode! used in this paper predicts a sudden sharp change
in the sign of the effect upon passing through some critical ry,, point, which
can hardly be true.

Acinowledgement

This work was performed with a financial support from the Russian Foundation
for Fundamental Researches.

References
1. A.Novak. In: Structure and Bonding. J.D.Dunitzet (Ed), B.,Springer
Verl., 1974, V.18, P.177.
2. J.Olovsson, P.-G.Jonsson. in: The Hydrogen Bond. P.Schuster (Ed.),
Amsterdam, North Holland, 1976, P.393.
3. N.D.Sokolov. in: The hydrogen Bond. N.D.Sokolov (Ed.), Moscow, Nauka,
1981, P.63 (in Russian).
4.T.Zeegers-Huyskens, P.Huyskens, In: Molecular interactions, (H.Ratajczak
and W.J.Owville-Thomas (Eds), N.-Y.,Wiley intersc.,V.2,1981, P.11.
5. G.S.Denisov, S.F.Bureiko, N.S.Golubev, K.G.Tokhadze, ibid.,2(1981)108.
6. N.S.Golubev, G.S.Denisov, V.M.Schreiber.in: The Hydrogen Bond.
N.D.Sokolov (Ed.), Moscow, Nauka, 1981, P.212 (in Russian).
7. G.S.Denisov, N.S.Golubev, J.Mol.Struct.,75(1981)313.
8.1.F.Franchuk, Ukrain.Khim.Zhur.,52 (1986) 680.
9. P.A.Koliman, J.F.Liebman, L.C.Allen, J.Amer.Chem.Soc., 92 (1970) 1142.
10.R.Janoschek, In: The Hydrogen Bond, Amsterdam, North Holland, 1976,
P.165.
11.E.M.Amett, E.I.Mitchell, T.S.Murthy, J.Amer.Chem.Soc.,96 (1974) 1260



234

12.8.D.Christian, T.L.Stevens, J.Phys.Chem, 76 (1972) 2032.

13.L Andrews, J.Mol.Struct.,100 (1983) 281

14.L.Shriver, A.Shriver, I.P.Perchard, J.Chem.Soc.,Faraday Trans.,81 (1985)
1405.

15.A.V.logansen, Doklady Akad.Nauk SSSR, 297(1987) 1151.

16.L.M.Epstein, A.V.logansen, Uspekhi Khimii, 59 (1890) 229.

17.A.V.logansen, in: The Hydrogen Bond, N.D.Sokolov (Ed.), Moscow, Nauka,
1981, P.112 (in Russian).

18.V.M.Schreiber, D.N.Shchepkin, Optika i Spektr., 69 (1990) 790.

19.V.M.Schreiber, D.N.Shchepkin, J.Mol.Struct.,270 (1992) 481

20.A.C.Legon, D.G.Millen, Proc.Roy.Soc.London, ser.A, 89(1986)404.

21.D.G.Nesbitt, Chem.Revs.,88(1988)843.

22.A.C.Legon, D.G.Millen, Chem.Phys.Lett.,147(1988)484.

23.N.S.Golubev, G.S.Denisov, Khim.Fizika, 1 (1982) 563.

24, A.C.Legon, A.L.Wallwork, C.A.Rego, J.Chem.Phys., 92 (1990) 6397.

25.G.M.Barrow, J.Amer.Chem.Soc.,78(1956)5802.

26.M.M.Davies, In: Acid-Base Behavior in Aprotic Solvents, Washington,
1968.

27.S.E.Odinokov, A.A.Mashkovsky et al., Spectrochim.Acta, 32(1976)1355.

28. T.V.Sokornova, V.M.Schreiber, D.N.Shchepkin, J.Mol.Struct.,in press.

29.J.B.Lambert, In: Recent Advances in Organic NMR Spectroscopy, N.-Y.,
Norell Press, 1987, P.75.

30.S.M.Melikova, D.N.Shchepkin, J.Chim.Phys, 89(1992)607.

31.G.J.Martin, M.L.Martin, J.-P.Gouesnard, 15N NMR Spectroscopy, Springer
Verlag, 1981, P.6-20.

32.N.S.Golubev, G.S.Denisov,J.Mol.Struct., 270 (1992) 263.

33.N.S.Golubev, Zhur.Struct.Khim.,23 (1982) 58.

34.L.Paolillo, E.D.Becker, J.Magn.Res.,2(1970)168.

35.N.G.Bakhshiev, Spectroscopy of Intermolecular Interaction, Nauka,
Leningrad, 1972 (in Russian).

36.H.Ratajczak, W.J.Orville-Thomas, C.N.R.Rao, Chem.Phys.,17(1976)197.

37.G.S.Denisov, J.Starosta, V.M.Schreiber, Optika i Spekir.,35(1973)447.

38.D.N.Shchepkin, J.Mol.Struct., 156 (1987) 303.



