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Crown ethers are known to be effective macro-
cyclic ligands capable of binding metal ions with a
high selectivity, by inclusion them to the inner cavity
of their ring-shaped molecules. This property is the
basis of their broad practical applications in various
areas of inorganic and organic chemistry, chemical
fertilizers and pesticides, metallurgy, nuclear energy,
biology, pharmacology and medicine [1, 2]. In
scientific studies they often serve as an indispensable
tool for the studying chemical reactions. In chemical
technology they can be implemented for the creation of
fundamentally new technological processes.

Crown compounds disclose fully their advantages
when used in the reaction carried out in non-aqueous
medium. Many chemical reactions that were trad-
itionally considered difficult or impossible to
implement, proceed easily at the use of a crown ether.
This can be explained by unique ability of the latter to
perform transfers of ionic reagents from the aqueous or
solid phase into organic phase and to change the state
of the ion pairs in solution. With the appearance of
these compounds, chemists have a tool for the fine
impact on the state of the ion pairs, and hence on the
reaction mechanism [3].

Effect of solvent on the chemical equilibrium,
energy and reaction rate due to a change in the
solvation state of reactants and reaction products. To
characterize the solvation state of molecule or ion in a
solution are used the thermodynamic parameters of
solvation: Gibbs energy (AG), enthalpy (AH), and
entropy (AS). They allow judging about the strength of
interaction, presence or absence of an association
between particles and identification and description of
the effect of environment on the processes in solution.

In this paper we summarize and analyze the data on
the solvation of macrocyclic polyethers in individual
and binary non-aqueous solvents.

A typical feature of crown ethers is that their
macrocyclic structure is not rigid, their molecules have
the property of conformational mobility. For example,
for the crown ether 18C6 are known three most stable
conformations of the crystalline state [4], which are
shown in Fig. 1.

When crown ether interacts with a solvent the
macrocycle conformation can vary [2, 4-6]. In [7]
using the method of molecular mechanics were
calculated the conformational forms of 18C6 in
various solvents. At low value of dielectric constant of
the solvent the calculation predicts the lowest-energy
structure of C; symmetry. In a more polar environment
predominates the conformation of D;; symmetry.
Similar results were obtained in [8], where the
extended model of the fixed points of interaction was
used to investigate the thermodynamics of solvation of
the conformers of 18C6 polyester in individual solvents
of different nature. The authors concluded increased
stability of the Ds, structure in polar solvents. In [9]
using experimental techniques (IR spectroscopy and
calorimetry) were revealed different conformational
forms of 18C6 in the solvents such as water,
acetonitrile and chloroform. From a comparison of the
conformations of polyester in the above solvents and
the values of their enthalpies of solvation the authors
noted that at higher dielectric constant of the medium
the specific interactions with the solvent leads to a
conformational rearrangement of the macrocycle and
increases noticeably the solvation exothermicity. Thus,
transformation of the conformer with C; symmetry
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characteristic for the free 18C6 molecule to the D3,
conformer in acetonitrile or water is associated with the
energy release —28.1 and —28.7 kJ mol ', respectively.

Some solvent molecules that contain polar OH and
CH bonds capable of forming hydrogen bonds. Crown
ethers, being in an environment of such solvents, shall
enter into specific interaction with their molecules with
the energy higher than the universal energy of
interaction with the environment [10-13]. This has a
significant impact on the solvation energy and reac-
tivity of the macrocycle at the complexes formation
with other particles.

In [13] was noted that a significant exothermic
effect is observed at the transfer of a crown ether from
carbon tetrachloride to chloroform and water (see the
table). The greatest thermal effect is characteristic for
the specific interactions of solvent molecules with a
18-membered ring. For 1,10-diaza-18-crown-6
(DA18C6) having two NH groups in the ring, the
thermal effect is higher compared to the same effect in
the case of 18C6, having only oxygen heteroatoms in
the ring. The thermal effect of dissolution at the
specific interaction of a flexible molecule of dibenzo-
24-crown-§ (DB24C8) with CHCl; is greater
compared with the conformationally more rigid
DB18C6 molecule.

Considering the IR spectra of solutions of crown
ethers in chloroform the authors [9] conclude that the
observed in these solutions specific interactions are
due to the typical hydrogen bonds of the CHCI;
molecules with donor atoms of crown ether. This
conclusion is evidenced by the appearance in the
spectrum at the dissolving of a crown ether of the
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Fig. 1. Conformationof of the 18-crown-6 in crystalline
state: (/) Ds; conformation, (2) C), centrosymmetrical
biangularc conformation, and (3) C;conformation.

shifted to the low frequency region stretching vibra-
tions v(CH) related to the bonded CHCI; molecules.
The intensity of this broad band responds to changes in
concentration of ether and the solution temperature.
Conformation of 18C6 in the CHCl; medium, accord-
ing to IR spectroscopy, corresponds to an asymmetric
structure of the ring.

In accordance with the enthalpy characteristics (see
the table) [13] it was pointed out that specific
interactions with methanol is noticeable only for
DA18C6. Specific interaction of CH;0OH with cyclic
molecules of a series from dioxane to 18C6 is
unfavorable by enthalpy in the methanol medium [13].
This conclusion of the authors [13] contrasts with a
study of molecular complexes of CH;0H with crown
ethers in the CCly medium [14]. In an inert medium the
complexation enthalpy of a series of crown ethers with
CH;0H is from —10 to —15 kJ mol™. In [13] was
suggested that the CH;OH—CH3;OH hydrogen bonds
absent in an inert environment and those dominating in
solution are the energetically more favorable compared
with the methanol-crown ether bonds.

Standard enthalpies of crown ether transfer from carbon tetrachloride into different solvents at 298.15 K, kJ mol ' [13]

Crown ether Chloroform Methanol Benzyl alcohol Water Acetonitrile

1,4-Dioxane -9.0 3.9 -9.2

12-Crown-4 -20.0 -31.5

15-Crown-5 -253 —0.4 —42.4 -6.2
18-Crown-6 (18C6) -30.3 —0.8 -15.9 -53.9 —40.6
1,7-Diaza-18-crown-6 (DA18C6) -38.4 -20.5 -56.6 —4.2
1,10-Diaza-18-crown-6 -34.6 -13.2 —54.1 -5.0
Dibenzo-18-crown-6 (DB18C6) -18.0 -17.5 -25.0
Dibenzo-24-crown-8 (DB24Cg) -30.9 -5.9
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Fig. 2. Change of thermodynamic properties of 18-crown-6
ether at the transfer from methanol into mixtures of
mathanol with DMF: (1) TA.S’, (2) AcH’ , and (3) A.G".

A noticeable exothermic effect of transfer from
carbon tetrachloride into acetonitrile is observed for
both 18C6 and DB18C6 (see the table). Thermal effect
of specific interaction of 18C6 with acetonitrile was
evaluated in [15] from the evaporation enthalpy of
CH;CN from solvate (A.,/’) and the pure solvent
(AeeH'):

AH = Z[ni(AevHO - AevHS)]’

where 7 is the number of solvent molecules bound in a
molecular complex. For complexes with n = 2,
enthalpy of formation of molecular complexes of 18C6
with CH3CN is —30.6 kJ mol . This value differs from
the enthalpy of transfer of AtrHO(CCl4 — CH;CN),
which is attributed to the contribution to the latter of
the universal electrostatic interactions in solution of
crown ether with strongly polar molecules of CH;CN.

The composition of the dominant complex 18C6—
CH;CN in acetonitrile, strictly speaking, is unknown.
The IR spectra of a 18C6 solution in CH3CN in the
region of 1000-800 cm ' [15] coincide with the spec-
trum of the 18C6-2CH;CN complex in the crystalline
state [2, 12, 15-17]. Consequently, the D3, conforma-
tion of the 18C6 macrocycle in the crystalline com-
plex 18K6-2CH;CN remains the same in the solution
of 18C6 in acetonitrile.

In [18, 19] were considered the changes in the
solvation state of 18-crown-6 at the replacement of the
solvent MeOH—DMF and CH;CN—DMSO. In going
from methanol to dimethylformamide, there is a slight
increase in stability of the 18C6 solvatocomplexes,
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Fig. 3. Effect of composition of acetonitrile-dimethyl-
sulfoxide mixed solvent on the enthalpy of solvation of 18-
crown-6.

mainly due to the enthalpy contribution to the Gibbs
energy of transfer of the crown ether (Fig. 2).

Slight increase in the exothermicity of solvation of
18C in going from more associated methanol to less
associated dimethylformamide {A.H’(MeOH—DMF) =
—1.1 kJ mol™" [18]} according to the authors, may be
associated with a decrease in the formation energy of
cavities in the structure of the solvent, as well as with
increasing van der Waals interactions at the transition
to a more polar solvent.

In DMSO, the solvation exothermicity of 18C6 is
significantly higher than in methanol-dimethylform-
amide mixture (standard enthalpy of solvation of 18C6
are: in methanol —92.9 kJ mol', in dimethylformamide
—94.0 kJ mol™", in dimethylsulfoxide —102.7 kJ mol ™
[18, 19]). The authors suggest that the enhanced of
solvation of 18C6 in DMSO, probably also due to an
increase in solvent polarity. In addition, solvation of
crown ether with dimethyl sulfoxide may be due to
electrostatic interactions between the sulfur atoms of
the solvent molecules and the oxygen atoms of the
molecules of macrocycle. This is facilitated by a
pyramidal structure of DMSO molecule.

According to the foregoing, solvation of 18C6
increases in the series: MeOH ~ DMF < DMSO. In the
same direction occurs the change in the dielectric
constants [¢(MeOH) = 32.7, &(DMF) = 36.7, ¢(DMSO) =
46.4] and donor numbers [DN(MeOH) = 19.0,
DN(DMF) = 26.6, DN(DMSO) = 29.8] of the solvents.
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Replacement of DMSO by acetonitrile leads to a
sharp increase in the exothermicity of solvation of
crown ether {Ay,H'(18C6) = —113.5 kJ mol™' [19]}.
The overall effect of changing the solvent composition
is ~30 kJ mol™ (Fig. 3). This result confirms the
evidence of a specific interaction of 18C6 with
acetonitrile to form the solvatocomplex 18C6-2CH;CN
[11, 15, 20].
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