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We report enthalpies of solution of formamide, N,N-dimethylformamide, N,N-
dimethylacetamide, acetic acid, methyl acetate, and acetonitrile in water 1 dimeth-
ylsulfoxide mixed solvents. These, along with literature data for additional solutes,
are analyzed in terms of the extended coordination model of solvation. We also
analyze infrared data for several of these solutes. These analyses show that
N,N-dimethylformamide and N,N-dimethylacetamide are preferentially hydrated,
while the other solutes appear to be preferentially solvated by dimethylsulfoxide.
In all cases, the extent of preferential solvation is relatively small. It is also found
that the degrees of preferential solvation recovered from analyses of the enthalpy
data correspond closely to those recovered from the infrared data, although the
latter refer only to the polar chromophores on the solute molecules. It is found
that the extent to which the solutes disrupt the solvent–solvent interactions varies
systematically with the area of the nonpolar surfaces of the solute molecules.
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1. INTRODUCTION

Mixed solvent systems are used in a wide range of applications and
understanding the effects of changes in solvent composition remains a central
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problem within physical chemistry. Several theoretical approaches have been
developed to treat the thermodynamics of solvation in mixed solvents; these
include: the Kirkwood–Buff theory,(1,2) Marcus’s quasilattice, quasichemical
(QLQC) model,(3,4) and the stepwise solvent exchange or coordination model
developed by Covington et al(5) and ourselves,(6) all of which have been
applied to electrolytes. Similarly Acree and co-workers have successfully
accounted for nonelectrolyte solvation in terms of both mobile order(7,8) theory
and extended nearly ideal binary solvent theory.(9,10)

Historically these theories have been applied to either electrolyte or to
nonelectrolyte solvation in mixed solvents. It is clear, however, that any
successful theory for solvation in mixed solvents should account equally for
the solvation of both electrolytes and nonelectrolytes.

The division into electrolyte and nonelectrolyte theories partly reflects
the different considerations required for the different solutes. Thus, the ener-
getics for electrolytes and nonelectrolytes differ significantly, in that the
solute–solvent interactions for nonelectrolytes are an order of magnitude
weaker than those for ions, and are comparable with the solvent–solvent
interactions. For example, the molar enthalpy of hydration for the sodium
ion(11) is around 2500 kJ-mol21 while that of DMSO(12,13) is 271.8 at 258C.
The situation for common nonelectrolytes is also more complex than that for
simple monatomic ions, which are symmetrical, since polyatomic species
present a variety of surfaces, each of which may interact differently to the
surrounding solvent.

Several years ago, we extended the simple coordination model to take account
of changes in solvent–solvent interactions.(14,15) This extended coordination model
(ECM) was shown to account for the thermodynamics of transfer of electrolytes
in several mixed aqueous(14,15) and nonaqueous mixed solvents.(16)

To determine whether the ECM could be effectively applied to transfer
enthalpies for nonelectrolyte, we have fitted enthalpy data to the relevant
ECM equation. In two earlier studies,(17,18) we showed that the enthalpies of
transfer of a number of nonelectrolytes could be accounted for quantitatively
by the extended coordination model in nonaqueous mixed solvents. We subse-
quently found that the model equation could be applied to mixed aqueous
alcohol(19) and aqueous acetonitrile(20) systems, but that these were more
complex than the wholly nonaqueous systems. Thus, in both of the mixed
aqueous systems, there was an apparent discontinuity in the solvation proper-
ties, as indicated by the ECM parameters, at some critical solvent composition.

In carrying out such a fitting procedure, it is preferable to have some
independent method for assessing the validity of the parameters recovered.

Preferential solvation is a feature of this process in mixed solvent systems
and is explicitly incorporated into all of the successful treatments of solvation
in such systems. Thus, one of the parameters recovered from fitting enthalpy


