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Abstract

Solvent effects on O—H stretching vibration frequency of methanol in hydrogen bond complexes with different bases, CH;0OH---B, have
been investigated by FTIR spectroscopy. Using chloroform as a solvent results in strengthening of CH;OH---B hydrogen bonding due to
cooperativity between CH;OH---B and Cl;CH:--CH;OH bonds. A method is proposed for quantifying the hydrogen bond cooperativity effect.
The determined cooperativity factors take into account all specific interactions of the solute in proton-donor solvents. In addition, a method
of estimation of cooperativity factors A, and Aoy in system (CH3;OH),---B is proposed.

It is demonstrated that in such systems, the cooperativity factor of the OH---B bond decreases and that of the OH---O bond increases
with increasing the acceptor strength of the base B. The obtained results are in a good agreement with the data obtained previously from

matrix-isolation FTIR spectroscopy.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction

Solvent effect on frequencies of stretching vibrations
obtainable from IR spectra is a well-known phenomenon
[1-13]. There exist a number of approaches for analyzing
infrared solvent shifts. These approaches include the reac-
tion field model [5,12,13], several multiparameter correla-
tions such as a Koppel-Palm [3] or Taft—-Kamlet equations
[3,5,6,11], relationships with empirical parameters of sol-
vents, as 7" —constant (KAT) [3,9,10], acceptor number
(AN) [2,5,6,11], G—factor of Allerchand—Schleyer [1,8,14]
and Luck’s LMF parameter based on linear free energy rela-
tionship (LFER) [7].

In our previous communication, we developed a new
approach for analyzing solvents effects on X—H frequencies
in complexes with hydrogen bonding [15]. It is known that
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solvent influence can be separated into effects due to specific
interactions (e.g. formation of donor—acceptor complexes via
hydrogen bonding between the solute and solvent molecules)
and effects of nonspecific (van der Waals, vdW) interactions

[7]:
Avexp = Avgp + Avyaw, (D

where Aveyp is the X—H stretching vibration frequency shift
due to the complexation in a given environment with respect
to the gas phase and Avyp and Avygw are the frequency shifts
due to hydrogen bonding and vdW interactions, respectively.

Utilizing the new solvent parameter +/8cay2S, which
depends upon nonspecific solvent—solvent interactions only,
and using the previously proposed approach [15], we are able
to calculate the contribution of vdW interactions, Avyqw.
According to [16], the parameter Scavh®S is defined as a ratio of
solution enthalpy of an alkane in solvent S to McGowan char-

acteristic volume of this alkane [17]. The v/ 8cavhS parameter



