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Abstract Enthalpies of transfer of tetraalkylammonium bromides and CsBr from water to
aqueous DMF mixtures are reported and analyzed in terms of a new solvation theory. It
was found that a previous equation could not reproduce these data over the whole range of
solvent compositions. Using a new solvation theory to model the enthalpies of transfer shows
excellent agreement between experimental and calculated values over the entire range of
solvent compositions. The analyses show that tetrapropylammonium bromide, Pr4NBr, and
tetrapentylammonium bromide, Pen4NBr, are preferentially solvated by water; in contrast
tetrabutylammonium bromide, Bu4NBr, is preferentially solvated by DMF. The solvation
of tetramethylammonium bromide, Me4NBr, and cesium bromide, CsBr, is random. The
extent to which the tetraalkylammonium bromides disrupt solvent–solvent bonds increases
systematically in going from Me4NBr to Pen4NBr.
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1 Introduction

The thermodynamic parameters for transfer of a solute from a pure to a mixed solvent show
a number of different complex variations with the solvent compositions. The form of the
transfer parameter against the solvent composition profiles is sensitive to changes in both
the solute and the solvent components of the mixture. Thus, for example, the enthalpies of
transfer of LiCl pass through a sharp minimum in acetonitrile + water mixtures and through
a broad maximum in methanol + water mixtures, whereas those of tetraphenylammonium
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chloride pass through a sharp maximum in acetonitrile+water mixtures [1–10]. These stud-
ies have revealed the existence of a transition in the solvating properties of the aqueous
systems. They also showed that the extent to which solutes disrupt the solvent structure,
as measured by the model parameter (αn + βN ), varied with the organic component. This
second result was interpreted as indicating that the organic components produced rigid-
ity into the water structure, with the extent of rigidity increasing in the order 1,4-dioxane
and methanol < ethanol < 2-methylpropan-2-ol (TBA) and propan-1-ol [3]. However, this
explanation, although plausible, cannot be strictly correct and, rather, poses a theoretical
problem.

The variation in (αn + βN ) has implications for other solvation models, which led us
to introduce a new solvation theory including the variable (αn + βN ). We have recently
reported the enthalpies of transfer of several solutes from water to aqueous organic solvent
mixtures. These data were considered in terms of the new extended coordination model
[11–14].

2 Experimental

Enthalpy measurements were carried out with a four-channel commercial microcalorimeter
(Thermal Activity Monitor 2277, Thermometric, Sweden). Each channel is a twin heat con-
duction calorimeter in which the heat-flow sensor is a semiconducting thermopile (multi-
junction thermocouple plates) positioned between the vessel holders and the surrounding
heat sink. The insertion vessel was made from stainless steel. Tetraalkylammonium bro-
mides and CsBr solutions (0.1 mmol·L−1) were injected into the calorimetric titration ves-
sel by use of a Hamilton syringe that contained 1.3 mL of pure DMF. Injection of the so-
lutions into pure DMF was repeated 13 times using 0.2 mL of the solutions per injection.
The calorimetric signal was measured by a digital voltmeter that was part of computerized
recording system. The heat of each injection was calculated by the “Thermometric Gigi-
tam 3” software program. The output yields the enthalpies of dilution for ternary solvent
mixtures including the solutes in aqueous DMF. The mixing enthalpies for aqueous DMF,
�H E, were measured by 13 sequential injections of 0.2 mL water into 1.3 mL pure DMF.
The mixing enthalpies of aqueous DMF were subtracted from the enthalpies of ternary solu-
tion mixtures. The heats of dilution of the solutes are negligible. The microcalorimeter was
frequently calibrated electrically during the course of the study. The heats of dilutions were
calculated in kJ·mol−1 using the raw data.

3 Results and Discussion

Defining the enthalpy of solution for preparing a concentrated aqueous solution as
�HC

S (W), the standard enthalpy of solution for the solutes in water, �Hθ
S (W), and in the

aqueous DMF, �Hθ
S (mix), can be expressed as follow:

�Hθ
S (W) = �HC

S (W) + �Hθ
D(W) (1)

�Hθ
S (mix) = �HC

S (W) + �Hθ
D(mix). (2)

The enthalpies transfer of the solutes (�Hθ
t ) from water to aqueous DMF mixtures can be

obtained as:

�Hθ
t = �Hθ

D(mix) − �Hθ
D(W) (3)


