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Abstract In the present work the complexation process

between UO2
2? cation and the macrocyclic ligand, dibenzo-

18-crown-6 (DB18C6) was studied in ethylacetate–dimethyl

formamide (EtOAc/DMF), ethylacetate–acetonitrile (EtOAc/

AN), and ethylacetate–tetrahydrofuran (EtOAc/THF) and

ethylacetate–propylencarbonate (EtOAc/PC) binary solu-

tions at different temperatures using the conductometric

method. The results show that the stoichiometry of the

(DB18C6 . UO2)2? complex in all binary mixed solvents is

1:1. A non-linear behavior was observed for changes of

log Kf of this complex versus the composition of the binary

mixed solvents. The stability constant of (DB18C6 .

UO2)2? complex in various neat solvents at 25 �C decreases

in order: THF [ EtOAc [ PC [ AN [ DMF, and in the

binary solvents at 25 �C is: THF–EtOAc [ PC–EtOAc [
DMF–EtOAc & AN–EtOAc. The values of thermody-

namic quantities (DH�c, DS�c) for formation of this complex

in the different binary solutions were obtained from tem-

perature dependence of its stability constant and the results

show that the thermodynamics of complexation reaction

between UO2
2? cation and DB18C6 is affected strongly by

the nature and composition of the mixed solvents.

Keywords Dibenzo-18-Crown-6 � UO2
2? cation �

Mixed non-aqueous solvents � Conductometry

Introduction

Crown ethers are macrocyclic polyethers whose structure

exhibits a conformation with a so-called hole capable of

trapping cations by coordination with lone pair of electrons

on the oxygen atoms. The ability of these compounds to

form stable complexes with cations has spurred interest in

these compounds. They are a special type of polydentate

ligand in which the ligating atoms lie approximately in a

plane about the central metal atom, and the remainder of the

molecule lies in a ‘‘crown’’ arrangement. All of the oxygen

atoms of the polyether ‘‘point’’ inward toward the metal

cation, and these macrocyclic ligands have the unusual

property of the forming stable complexes with alkali metal

ions. This exceptional stability is related to the cavity size of

the ligand, with different cavity sizes favoring specific alkali

metal ions. A variety of physico-chemical techniques such

as calorimetry [1, 2], polarography [3], potentiometry [4, 5],

NMR spectrometry [6, 7] and conductometry [8, 9] have

been used to study the complex formation between crown

ethers and various metal ions in solutions. Among these

various methods, the conductometric technique is a sensi-

tive and inexpensive method with a simple experimental

arrangement for such investigations.

It is not surprising that the crown ether ligands have been

considered as potential extractant for actinide and lanthanide

ions. Reddy et al. reported an increase of both the extract-

ability and selectivity for the extraction of Nd(III), Eu(III)

and Tm(III) with acylpyrazolones, 18C6, DCH18C6, or

DB18C6 [10]. A review of crown ether containing extrac-

tion systems has recently been published [11].

A key chemical process in the nuclear industry is the

extraction and purification of uranium in the initial pro-

duction of fuel for nuclear reactors and in the reprocessing

of spent nuclear fuel. Uranyl can easily form complexes
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with various types of ligands, e.g., inorganic ligands, small

organic ligands or macrocyclic ligands like crown ethers.

Several studies have been carried out to enhance the

selectivity in the separation of lanthanides and actinides

elements in the extraction systems based on the size-fitting

effect of the crown ethers [12–16].

In the 1980s, Lagrange et al. pioneered the study of

complex formation of uranyl with crown ethers and

azacrowns in water, acetonitrile and propylencarbonate

[17, 18]. These last two solvents exhibit good solvating

properties to promote the inclusion of uranyl in a macro-

cyclic ligand: their dielectric constants are high enough to

provide dissociation of strong electrolytes and yet metallic

cations are less solvated by these organic solvents.

In these complexation processes, solvent plays a critical

role in local structure optimization and complex stabiliza-

tion. Solvents are known to have a profound effect on the

stability of supramolecular complexes. So that the stability

constants (Kf) of such complexes can vary over many order

of magnitudes with the nature of medium. The orders of

stabilities of the metal ion complexes do not at all conform

to usual expectations, based e.g., on solvent polarities. It

has also been shown that the stability and selectivity of

crown ether–metal cation complexes vary drastically with

the nature and composition of some the binary mixed non-

aqueous solvents [19–23].

One of our main research interests is the influence of

solvent properties on the thermodynamics of complexation

reactions of macrocyclic ligands with different metal cat-

ions. In the present paper, we report the results which are

obtained from conductometric study of the complexation

reaction of UO2
2? cation with macrocyclic ligand,

dibenzo-18-crown-6, in ethylacetate–dimethylformamide

(EtOAc/DMF), ethylacetate–acetonitrile (EtOAc/AN) and

ethylacetate–tetrahydrofuran (EtOAc/THF) and ethylace-

tate–propylencarbonate (EtOAc/PC) binary solutions at

different temperatures.

Experimental

Dibenzo-18-crown-6 (Fluka) and UO2(NO3)2 � 6H2O

(Riedel company) were used without further purification.

The solvents: ethylacetate (Riedel) and dimethylformamide,

acetonitrile, tetrahydrofuran and propylencarbonate all from

Merck company were used with the highest purity. The

experimental procedure for study of the complexation pro-

cess is as follows: a solution of metal salt (1 9 10-4 M) was

placed in a titration cell, thermostated at a given tempera-

ture, and the conductance of the solution was measured.

Then a step-by-step increase of the crown ether solution

prepared in the same solvent (2 9 10-3 M) was carried out

by a rapid transfer to the titration cell using a microburette

and the conductance of the solution in the cell was measured

after each transfer at the desired temperature.

The conductance measurements were performed using a

digital AMEL conductivity apparatus, model 60, in a water

bath thermostated at a constant temperature which main-

tained within ±0.03 �C. The electrolytic conductance was

measured using a cell consisting of two platinum electrodes

to which an alternating potential was applied. The cell

constant was 0.73 cm-1.

Results

The changes of molar conductivity (Km) versus the ligand to

the cation molar ratio ([UO2
2?]/[DB18C6]), for complexa-

tion of DB18C6 with UO2
2? cation was measured in pure

EtOAc, DMF, PC, THF, AN and also in EtOAc-DMF,

EtOAc–PC, EtOAc–THF and EtOAc–AN binary systems at

different temperatures. Two typical series of molar con-

ductance values as a function of ([UO2
2?]/[DB18C6] mole

ratio in pure EtOAc and pure THF are shown in Figs. 1 and

2, respectively. The stability constants of (DB18C6 �
UO2)2? complex at each temperature were calculated from

changes of the molar conductance as a function of [UO2
2?]/

[DB18C6] molar ratios using a GENPLOT computer pro-

gram [24]. The details of calculation of the stability

constants of complexes by conductometric method have

been described in reference [25]. The values of stability

constants (log Kf) for (DB18C6 � UO2)2? complex in var-

ious solvent systems are listed in Table 1. Assuming that the

activity coefficients of the cation and the complex have the

same value, Kf is a thermodynamic equilibrium constant on

the molar concentration scale, related to the Gibbs standard

free energy of complexation reaction, DG�c. The vant Hoff

plots of ln Kf versus 1/T for all of the investigated systems

were constructed. A typical example of these plots is shown

in Fig. 3. The changes in standard enthalpy (DH�c) for

complexation reactions were obtained from the slope of the

vant Hoff plots assuming that DCp is equal to zero over the

entire temperature range investigated. The changes in

standard entropy (DS�c) were calculated from the relation-

ship DG�c, 298.15 = DH�c - 298.15 DS�c. The results are

summarized in Table 2. The changes of log Kf of

(DB18C6 � UO2)2? complex versus the mole fraction of

EtOAc in EtOAc–DMF and EtOAc–AN binary systems at

different temperatures are shown in Figs. 4 and 5.

Discussion

As is obvious from Figs. 1 and 2, addition of DB18C6

ligand to UO2
2? solution, in pure ethylacetate and pure

THF at different temperatures, shows an increase in molar
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conductivity with an increase in ligand concentration. This

indicates that the (DB18C6 � UO2)2? complex in pure

EtOAc and pure THF is more mobile than free solvated

UO2
2? cation. Similar behavior was observed in all other

solution systems. It is evident from Figs. 1 and 2 that the

slope of the corresponding molar conductivity versus

[DB18C6]/[UO2]2? mole ratio changes at the point where

the ligand to cation mole ratio is about 1, which is an

evidence for formation of a relatively stable 1:1 complex

between dibenzo-18-crown-6 and UO2
2? in these solvents.

It is obvious from these Figures that as the temperature

increases, the curvature of the plots of (DB18C6 � UO2)2?

complex decreases, which is an evidence for formation of a

weaker complex at high temperatures. Therefore, the

complexation process between DB18C6 and uranyl cation

is exothermic.

The thermodynamic parameters (DH�c, DS�c) for com-

plex formation are given in Table 2. As expected, the

values of thermodynamic quantities depend strongly on

nature and composition of the mixed solvents used in this

investigation. Since the values of standard entropy (DS�c)

and standard enthalpy (DH�c) for formation of

(DB18C6 � UO2)2? complex in solution, vary with differ-

ent parameters such as changes in the flexibility of the

macrocyclic ligand during the complexation process, and

also with the extent of cation–solvent, ligand–solvent and

complex–solvent interactions and even with the solvent-

solvent interactions, therefore, as is evident in Table 2,

these thermodynamic quantities change with the nature and

composition of the used solvent systems.

The experimental results show that in some cases, the

change in standard enthalpy for the complexation reaction

between UO2
2? cation and DB18C6 is negligible; there-

fore, it seems that the complexation processes in some

solvent systems are probably athermic. But in the case of

most binary solutions, the complexation reaction is

exothermic.

As is obvious from Figs. 4 and 5, the change in the

stability constant (log Kf) of (DB18C6 � UO2)2? complex

versus the composition of these binary systems at various

temperatures is not monotonic. Somewhat similar behavior

was observed in other binary solutions. The non-monotonic
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Fig. 2 Molar conductance–mole ratio plots for (DB18C6 � UO2)2?

complex in pure THF at different temperatures (s = 15 �C,
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behavior which is observed for changes of the stability

constant (log Kf) of complex versus the composition of the

binary solutions is probably due to a change in the structure

of the binary solvents as the composition of the medium is

varied. In addition, the heteroselective solvation of cation

and the ligand and also the formation of mixed solvates

may be effective in complexation process.

As is obvious from Table 1, the stability constant of

(DB18C6 � UO2)2? complex in various pure solvents at

25 �C decreases in order: THF [ EtOAc [ PC [ AN [
DMF, and in the case of binary solvents at 25 �C is:

THF–EtOAc [ PC–EtOAc [ DMF–EtOAc & AN–EtOAc.

In spite of medium donor ability of acetonitrile (DN = 14),

the stability of the (DB18C6 � UO2)2? complex in pure

AN and AN–EtOAc binary solutions is lower than most

of other solvent systems. Dibenzo-18-crown-6 (DB18C6)

is a fairly rigid, electron rich, bowl-like host and,

therefore, suitable for the complexation of cationic,

aromatic, organic guests via stacking and charge transfer

interactions, as well as, via hydrogen bonding. It has

been reported that the acetonitrile molecules interact

strongly with the crown ether molecules. Therefore, the

behavior observed in these two solvent systems is

probably due to the interactions between DB18C6 and

the AN molecules which involves the hydrogen bonding

between CH3 protons and the AN involves oxygen of

crown [7, 26]. A relatively weak (DB18C6 � UO2)2?

complex is formed in pure DMF and EtOAc/DMF binary

solutions. This behavior reflects a strong cation solvation

by dimethylformamide molecules. Dimethylformamide

with a high donor ability (DN = 24) can solvate the

UO2
2? cation strongly and compete with the ligand for

UO2
2? cation. The results obtained in the case of THF

(DN = 20), EtOAc (DN = 17), PC (DN = 15) and their

binary solutions cannot only interpreted on the base of

their donor ability and we should consider the other

chemical and physical properties of these organic sol-

vents such as acceptor ability, dielectric constant, dipole

moment and even the size and the shape of the solvent

molecules which are effective in the complexation pro-

cess between the DB18C6 and UO2
2? cation in these

pure solvents and their binary mixtures.

Table 1 log Kf values of

(DB18C6 � UO2)2? complex in

EtOAc–THF, EtOAc–PC,

EtOAc–DMF and EtOAc–AN

binary mixtures at different

temperatures (�C)

a Standard deviation
b The composition of solvent

systems is expressed in mol %

of each solvent

Medium mol. % EtOAc log Kf (±SD)a

15 �C 25 �C 35 �C 45 �C 55 �C

EtOAc–THFb

100 3.57 ± 0.10 3.78 ± 0.11 3.55 ± 0.12 3.43 ± 0.08 3.16 ± 0.08

75 4.24 ± 0.17 4.52 ± 0.17 4.22 ± 0.18 3.91 ± 0.11 3.43 ± 0.18

50 4.55 ± 0.22 4.58 ± 0.26 4.30 ± 0.19 4.04 ± 0.18 3.40 ± 0.20

25 4.30 ± 0.19 4.60 ± 0.18 4.31 ± 0.19 3.91 ± 0.11 3.51 ± 0.20

0 4.59 ± 0.20 4.44 ± 0.18 4.20 ± 0.15 4.00 ± 0.14 3.76 ± 0.15

EtOAc–PCb

100 3.57 ± 0.10 3.78 ± 0.11 3.55 ± 0.12 3.43 ± 0.08 3.16 ± 0.08

75 2.89 ± 0.06 2.89 ± 0.05 2.74 ± 0.06 2.52 ± 0.08 2.48 ± 0.09

50 3.00 ± 0.05 2.90 ± 0.08 2.80 ± 0.09 2.79 ± 0.08 2.84 ± 0.06

25 2.94 ± 0.08 3.04 ± 0.07 2.78 ± 0.06 2.61 ± 0.07 2.48 ± 0.06

0 3.03 ± 0.06 3.02 ± 0.06 2.89 ± 0.06 2.74 ± 0.06 2.78 ± 0.13

EtOAc–DMFb

100 3.57 ± 0.10 3.78 ± 0.11 3.55 ± 0.12 3.43 ± 0.08 3.16 ± 0.08

75 3.35 ± 0.06 3.11 ± 0.06 2.79 ± 0.09 2.85 ± 0.08 2.78 ± 0.10

50 2.62 ± 0.04 2.59 ± 0.04 2.78 ± 0.08 2.79 ± 0.09 2.58 ± 0.27

25 2.72 ± 0.12 2.72 ± 0.12 2.76 ± 0.10 2.74 ± 0.10 2.68 ± 0.15

0 2.68 ± 0.14 2.68 ± 0.14 2.66 ± 0.16 2.67 ± 0.15 2.69 ± 0.14

EtOAc–ANb

100 3.57 ± 0.10 3.78 ± 0.11 3.55 ± 0.12 3.43 ± 0.08 3.16 ± 0.08

75 2.72 ± 0.18 2.79 ± 0.10 3.00 ± 0.05 2.74 ± 0.05 2.78 ± 0.13

50 2.91 ± 0.11 2.74 ± 0.12 2.74 ± 0.12 2.62 ± 0.21 2.64 ± 0.09

25 2.95 ± 0.16 2.57 ± 0.24 2.58 ± 0.24 2.67 ± 0.21 2.72 ± 0.14

0 3.26 ± 0.07 3.31 ± 0.06 3.15 ± 0.11 2.90 ± 0.08 3.07 ± 0.09

120 J Incl Phenom Macrocycl Chem (2009) 63:117–122

123



2.5

2.7

2.9

3.1

3.3

3.5

3.7

3.9

0 0.2 0.4 0.6 0.8 1

lo
g

K
f

X(EtOAc)

Fig. 4 Changes of stability constant of (DB18C6 � UO2)2? complex

with the composition of the EtOAc–DMF binary system at different

temperatures (r = 15 �C, s = 25 �C, 4 = 35 �C, 3 =45 �C,

h = 55 �C)

Table 2 Thermodynamic parameters for (DB18C6 � UO2)2? com-

plex in EtOAc–THF, EtOAc–PC, EtOAc–DMF and EtOAc–AN

binary mixtures

Medium mol. %

EtOAc

–DG�c (25 �C)

(KJ mol–1)

–DH�c (KJ

mol-1)

DS�c,

(J mol-1 K-1)

EtOAc–THFb

100 21.6 ± 0.6 a a

75 26 ± 1 40 ± 17 a

50 26 ± 1 50 ± 13 a

25 26 ± 1 40.2 ± 5 a

0 25 ± 1 a a

EtOAc–PCb

100 21.6 ± 0.6 a a

75 2.63 ± 0.3 21 ± 4 -63 ± 12

50 2.64 ± 0.4 8 ± 4 a

25 2.76 ± 0.4 25 ± 6 -74 ± 19

0 2.7 ± 0.3 14 ± 3 -38 ± 10

EtOAc–DMFb

100 21.6 ± 0.6 a a

75 17.7 ± 0.3 -8 ± 2 a

50 14.8 ± 0.2 a a

25 15.5 ± 0.7 a 51 ± 10

0 15.3 ± 0.8 a 51 ± 13

EtOAc–ANb

100 21.6 ± 0.6 a a

75 15.9 ± 0.6 a 66 ± 20

50 15.7 ± 0.7 a 43 ± 13

25 15 ± 2 a a

0 18.9 ± 0.4 3 ± 1 53 ± 3

a The data are estimated with high uncertainties
b The composition of solvent systems is expressed in mol% of each

solvent
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