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Abstract The stability constants of 1:1 (M:L) complexes

of benzo-15-crown-5 (B15C5) with Li?, Na?, K? and NH4
?

cations, the Gibbs standard free energies (DG�c), the standard

enthalpy changes (DH�c) and standard entropy changes (DS�c)

for formation of these complexes in acetonitrile–methanol

(AN–MeOH) binary mixtures have been determined

conductometrically. The conductance data show that the

stoichiometry of the complexes formed between the mac-

rocyclic ligand and the studied cations is 1:1 (M:L). In most

cases, addition of B15C5 to solutions of these cations, causes

a continuous increase in the molar conductivities which

indicates that the mobility of complexed cations is more than

the uncomplexed ones. The stability constants of the com-

plexes were obtained from fitting of molar conductivity

curves using a computer program, GENPLOT. The results

show that the selectivity order of B15C5 for the metal cations

changes with the nature and composition of the binary mixed

solvent. The values of standard enthalpy changes (DH�c) for

complexation reactions were obtained from the slope of

the van’t Hoff plots and the changes in standard entropy

(DS�c) were calculated from the relationship DG�c;298:15 ¼
DH�c � 298:15DS�c . A non-linear behavior was observed

between the stability constants (log Kf) of the complexes and

the composition of the acetonitrile–methanol (AN–MeOH)

binary solution. The results obtained in this study, show that

in most cases, the complexes formed between B15C5 and

Li?, Na?, K? and NH4
? cations are both enthalpy and

entropy stabilized and the values of these thermodynamic

quantities change with the composition of the binary

solution.

Keywords Benzo-15-crown-5 � Li?, Na?, K? and

NH4
? � Acetonitrile–methanol � Conductometry

Introduction

Crown ethers are known for their ability to strongly solvate

cations. In other words the equilibrium is strongly towards

the formation of complex. The oxygen atoms in polar ring,

are ideally situated to coordinate with a cation in the

interior of the ring, whereas the exterior of the ring is

hydrophobic. The result is that the complexed cations are

soluble in nonpolar solvents. Due to their ability to bind

strongly and selectivity to metal cations and substrate

molecules, macrocyclic polyethers and their derivatives

can find use in many diverse processes such as construction

of ion-selective electrodes [1–3], phase transfer catalysts

[4, 5], extraction of metal ions [6–8], chiral separation [9]

and membrane separation process [10].

It has been suggested [11] that the formation of a

complex between an alkali metal cation and a macrocyclic

polyether is due to ion–dipole interactions and is, therefore,

similar in nature to ordinary solvation, although more

favorable because of the appropriate configuration and the

polydentate character of the ligand. The specificity of the

complexation is due to the required fit between the ionic

size and the size of the macrocyclic ring, nevertheless, it

may be affected by the medium [12], as the macrocyclic

polyether must compete with the surrounding solvent for

the cation.

Complexing of alkali cations by neutral molecules is an

uncommon phenomenon, however, it has now been observed

not only with the cyclic polyethers, but also with a number of

antibiotics, such as valinomycin, nanoctin, monactin, etc.,
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which have macrocyclic structures containing ester, ether

and peptide groups. Stability constants for several antibiotic-

alkali cation systems have been reported [13–15].

The thermodynamics of formation of some ionic com-

plexes of macrocyclic polyethers in various pure solvents,

has recently been investigated by several researchers [16,

17], but the data in mixed non-aqueous solutions especially

for complexation of small crown ethers with metal cations

are scarce [18–22].

In this paper, we report the results of thermodynamic

study of complexation reactions between benzo-15-crown-

5 with Li?, Na?, K? and NH4
? cations in acetonitrile–

methanol (AN–MeOH) binary mixtures at different

temperatures using conductometric method. The goal of the

present work is to study the influence of nature and

composition of solvent systems in selectivity and thermo-

dynamics of complexation processes between these alkali

cations and macrocyclic ligand, B15C5.

Experimental

Reagents and solvents: benzo-15C5 (Scheme 1) (Merck,

Darmstadt, Germany), sodium nitrate and potassium nitrate

both from (Riedel de Häen, Seelze, Germany), ammonium

nitrate (Merck, Darmstadt, Germany) and lithium nitrate

(Merck, Darmstadt, Germany) were used without further

purification. Acetonitrile (Merck, Darmstadt, Germany) and

methanol (Merck, Darmstadt, Germany) with the highest

purity were used as solvents. The experimental procedure to

obtain the stability constants of complexes was as follows: a

solution of metal salt (1 9 10-4 M) was placed in a titra-

tion cell 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.

Apparatus

The conductance measurements were performed on a digital

AMEL conductivity apparatus, model 60, in a water bath

thermostated at a constant temperature which maintained

within ±0.03 �C. The electrolytic conductance was measured

using a cell consisting of two platinum electrodes to which an

alternating potential was applied. A conductometric cell with

a cell constant of 0.73 cm-1 was used throughout the studies.

Results

The conductometric profiles, for complexation of B15C5

with Li?, Na?, K? and NH4
? cations in AN–MeOH binary

systems were studied at different temperatures. In these

profiles, the changes of molar conductivity (Km) versus the

ligand to cation mole ratios, [L]t/[M]t, were studied at vari-

ous temperatures. The stability constants of the complexes at

each temperature were calculated from variation of molar

conductivity as a function of [B15C5]t/[M
?]t molar ratio

plots using a GENPLOT computer program [23]. The details

of calculation of stability constants of 1:1 [M:L] complexes

by conductometric method have been described in Ref. [24].

Two conductometric profiles for (B15C5.K)? and

(B15C5.Na)? complexes in AN–MeOH binary solutions are

shown in Figs. 1 and 2, respectively. The stability constants

(log Kf) for (B15C5.M)? (M? = Li?, Na?, K? and NH4
?)

complexes in various 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 equi-

librium constant on the molar concentration scale, related to

the Gibbs standard free energy of complexation reaction,

DG�c . The van’t Hoff plots of ln Kf versus 1/T for complexes

were constructed. The changes in the standard enthalpy

(DH�c) for complexation reactions were obtained from the

slope of the van’t Hoff plots assuming that DCp is equal to

zero over the entire temperature range investigated. The

changes in the standard entropy (DS�c) were calculated from

the relationship DG�c;298:15 ¼ DH�c � 298:15DS�c . The ther-

modynamic data are summarized in Table 2. The changes of

stability constants (log Kf) versus the mole fraction of

methanol in AN–MeOH binary system at different temper-

atures are shown in Fig. 4. The changes of stability constants

(log Kf) versus the ionic radii of the studied cations in var-

ious solvent systems are shown in Fig. 5.

Discussion

As is seen from Fig. 1, addition of B15C5 to K? cation

solution in AN–MeOH binary systems at differentScheme 1 Benzo-15-crown-5
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temperatures results in an increase in molar conductivity

which indicates that the (B15C5.K)? complex is more

mobile than free solvated K? cation. Similar behavior was

observed for most of the systems, but as is seen from

Fig. 2, addition of B15C5 to Na? cation in pure AN shows

a decrease in molar conductivity which indicates that the

(B15C5.Na)? complex in this solution is less mobile than

free solvated Na? cation.

It is clear from Figs. 1 and 2 that the slope of each curve

changes at the point, where the ligand to cation mole ratio

is about 1, which is an evidence for formation of a 1:1

[M:L] complex. In order to make more clear the 1:1 [M: L]

complexation model, the fitting and experimental curves

for (B15C5.K)? complex in AN–MeOH binary solution

(mol%AN = 50) are shown in Fig. 3. As evident from this

figure, there is a very good agreement between the fitting

and the experimental data.

The changes of stability constant (log Kf) of (B15C5.

NH4)? complex versus the mole fraction of methanol in

AN–MeOH binary system at different temperatures are

shown in Fig. 4. As is obvious in this figure, the change of

the stability constant of (B15C5.NH4)? complex with the

composition of acetonitrile–methanol binary solution is not

linear. A non-linear behavior was also observed for

(B15C5.Li)?, (B15C5.Na)? and (B15C5.K)? complexes in

this binary system. This behavior is probably due to

heteroselective solvation of the cation and ligand and also it

can be due to some kinds of solvent–solvent interactions

between these two solvent molecules, which results in

changing the structure of the solvents when they are mixed

with one another. It has been shown that there is an interaction

between acetonitrile and methanol molecules (Kass. = 1.23)

via hydrogen bonding in their binary mixtures [25].

The changes of log Kf of complexes formed between

B15C5 and Li?, Na?, K? and NH4
? cations versus the

ionic diameter in AN–MeOH binary mixtures, in pure AN

and in pure MeOH and also in their binary solutions are

shown in Fig. 4. The sequence of stabilities of these

complexes in a binary solution of AN–MeOH (mol% AN

75) is: (B15C5.NH4)? [ (B15C5.Na)? [ (B15C5.Li)? [
(B15C5.K)?, but in the case of another AN–MeOH binary

system (mol% AN 50) it was found to be: (B15C5.K)?

[ (B15C5.Na)? [ (B15C5.Li)? [ (B15C5.NH4)?. The

Fig. 2 Molar conductivity-mole ratio plots for (Benzo-15C5.Na)?

complex in pure AN at the different temperatures: 45 �C (open square),

35 �C (filled circle), 25 �C (open triangle), 15 �C (filled diamond)

Fig. 1 Molar conductivity–mole ratio plots for (Benzo-15C5.K)?

complex in AN–MeOH binary system (mol%AN = 50) at different

temperatures: 45 �C (solid line), 35 �C (filled triangle), 25 �C (open
square) 15 �C (asterisk)
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order of stability of the complexes in pure MeOH and pure

AN is: (B15C5.Na)? [ (B15C5.K)? & (B15C5.NH4)? [
(B15C5.Li)? and (B15C5.Na)?[ (B15C5.NH4)

?[ (B15C5.Li)?

[ (B15C5.K)?, respectively. The results obtained in this

study, reveal that the selectivity of benzo-15-crown-5 for

the studied cations in pure and also in binary mixed non-

aqueous solutions changes with the nature and composition

of the solvent systems.

It is difficult to generalize from such limited data set

about the effect of factors that influence the cation selec-

tivity. Cavity size, through the hole-size relationship, has

generally been regarded as the prime parameter for selec-

tivity. Other parameters are the number and type of donor

atoms in the polyether ring, possible variation in ring

conformation and the solvation energies of the species

involved in complexation processes [26]. The changes of

stability constants (log Kf) of complexes versus the ionic

diameter, as illustrated in Fig. 5 are not as straight forward

as is suggested by the simple hole-size consideration in all

solvent systems. The hole-size concept states that when the

diameter of the cation and the hole in the crown ether are

the same size, the latter is selective for the former [27].

However, this generalization dose not really holds for all

studied cases. The cavity size of B15C5 (0.86–1.1 Å)

closely matches the ionic size of Na? cation (0.98 Å), but

the results reveal that in some of the AN–MeOH binary

solutions, B15C5 binds to the K? and NH4
? cations more

strongly than Na? cation. Therefore, the cavity-size effect

is no longer the dominant factor in complexation reactions

between B15C5 and the studied cations, in these binary

solutions. It seems reasonable that the hole size idea would

be most valid with the most rigid systems. A flexible ligand

can accommodate a wider variety of cations than can a

rigid one. In the case of flexible ligands such as crown

ethers, other factors such as the cation’s solvation enthalpy

and ligand conformations become important [27]. The

Table 1 log Kf values of B15C5.M? (M? = Li?, Na?, K? and NH4
?) complexes in AN–MeOH binary mixtures at different temperatures

Medium log Kf ± SDa

15 �C 25 �C 35 �C 45 �C

(Benzo-15C5.Li)?

Pure ANb 2.70 ± 0.14 2.73 ± 0.10 2.73 ± 0.11 2.75 ± 0.10

75%AN–25%MeOH 2.70 ± 0.11 2.70 ± 0.12 2.55 ± 0.13 2.70 ± 0.12

50%AN–50%MeOH 2.70 ± 0.12 2.56 ± 0.13 2.55 ± 0.14 2.71 ± 0.10

25%AN–75%MeOH 2.71 ± 0.10 2.55 ± 0.12 2.54 ± 0.15 2.55 ± 0.14

Pure MeOH 2.72 ± 0.10 2.72 ± 0.11 2.70 ± 0.10 2.70 ± 0.12

(Benzo-15C5.Na)?c

Pure ANb 4.01 ± 0.10 3.97 ± 0.10 3.98 ± 0.12 4.11 ± 0.16

70.0%AN–30.0%MeOH 3.23 ± 0.06 3.14 ± 0.05 3.11 ± 0.04 2.95 ± 0.06

43.8%AN–56.2%MeOH 2.93 ± 0.06 2.90 ± 0.03 2.90 ± 0.03 3.04 ± 0.06

20.6%AN–79.4%MeOH 2.84 ± 0.06 2.84 ± 0.06 2.78 ± 0.04 2.80 ± 0.09

Pure MeOH 3.13 ± 0.07 2.86 ± 0.04 2.94 ± 0.03 2.82 ± 0.03

(Benzo-15C5.K)?

Pure ANb 2.50 ± 0.30 2.50 ± 0.30 2.50 ± 0.20 2.53 ± 0.18

75%AN–25%MeOH 2.73 ± 0.10 2.52 ± 0.20 2.70 ± 0.12 2.70 ± 0.12

50%AN–50%MeOH 2.91 ± 0.06 3.20 ± 0.03 3.27 ± 0.03 2.83 ± 0.08

25%AN–75%MeOH 2.53 ± 0.17 2.81 ± 0.07 2.60 ± 0.28 2.70 ± 0.09

Pure MeOH 3.20 ± 0.12 2.82 ± 0.06 2.70 ± 0.14 2.79 ± 0.06

(Benzo-15C5.NH4)?

Pure ANb 3.14 ± 0.03 3.40 ± 0.02 3.22 ± 0.06 2.80 ± 0.08

75%AN–25%MeOH 3.10 ± 0.06 3.30 ± 0.09 2.60 ± 0.30 3.10 ± 0.06

50%AN–50%MeOH 2.53 ± 0.20 2.50 ± 0.20 2.51 ± 0.20 2.53 ± 0.23

25%AN–75%MeOH 2.74 ± 0.10 2.71 ± 0.12 2.71 ± 0.12 2.51 ± 0.20

Pure MeOH 2.77 ± 0.12 2.82 ± 0.09 2.65 ± 0.04 2.58 ± 0.04

a SD = standard deviation
b The composition of each solvent system is expressed in mol% of each solvent
c Reference [34]
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hole-size relationship is better represented by the cryptands

which are relatively rigid species [27].

The results obtained from studying of complexation

reactions of 15-crown-5 (15C5) and benzo-15-crown-5

(B15C5) with Li?, Na?, K? and NH4
? cations in methanol

solution at 25 �C are given in Table 3. As is obvious from

these data, the placement of a benzo group in a 15C5

residue decreases the binding strength of B15C5 to Li?,

Na?, K? and NH4
? cations. This is attributable to the fact

that B15C5 has two aromatic ether oxygen atoms whose

basicity is lower than those of the aliphatic ether oxygen

atoms [28]. Since the sp2 hybridized oxygen atoms are less

basic than the sp3 hybridized oxygen atoms in the parent

and sp2-hybridized electron pairs are perpendicular to the

aromatic ring [27], therefore, the two aromatic ether oxy-

gen atoms have lower basicity than those of the aliphatic

ether oxygen atoms.

The thermodynamic data for complexation processes

between B15C5 and the studied cations, are summarized in

Table 2. As is evident from this Table, in most cases, the

Gibbs standard free energy (DG�c) for the complexation

reactions between Li?, Na? and NH4
? cations and B15C5

becomes more negative with increasing the concentration of

acetonitrile in AN–MeOH binary solutions. Therefore, the

complexes become more stabilized as the mole fraction of

AN increases in these binary solvents. In the complexation

process, the solvent and crown ether molecules compete in

binding to the metal cations. When the donor properties of

the solvent are low, the cation is poorly solvated and can

easily be complexed by the crown ether which results in

formation of a strong complex in solution. In a strong sol-

vating solvent such as MeOH with a relatively high

Gutmann Donor Number (DN = 20), the solvation of the

metal cations and possibly of the ligand should be stronger

Table 2 Thermodynamic parameters for B15C5.M? (M? = Li?, Na?, K? and NH4
?) complexes in AN–MeOH binary mixtures

Medium log Kf ± SDa (25 �C) �DG�c ± SDa (KJ/mol) DH�c ± SDa (KJ/mol) DS�c ± SDa (J/mol K)

(Benzo-15C5.Li)?

Pure ANb 2.73 ± 0.10 15.60 ± 0.61 3 ± 1 61 ± 2

75%AN–25%MeOH 2.70 ± 0.12 15.40 ± 0.76 c 44 ± 22

50%AN–50%MeOH 2.56 ± 0.13 14.58 ± 0.77 c c

25%AN–75%MeOH 2.55 ± 0.12 14.60 ± 0.77 -9 ± 4 19 ± 15

Pure MeOH 2.72 ± 0.11 15.52 ± 0.72 c c

(Benzo-15C5.Na)?d

Pure ANb 3.97 ± 0.10 22.70 ± 0.60 c 99.2 ± 16.7

75%AN–25%MeOH 3.14 ± 0.05 17.90 ± 0.30 -15.5 ± 3.3 c

50%AN–50%MeOH 2.90 ± 0.03 16.60 ± 0.20 c 81.0 ± 14.9

25%AN–75%MeOH 2.84 ± 0.06 16.20 ± 0.30 -2.7 ± 0.7 45.4 ± 2.2

Pure MeOH 2.86 ± 0.04 16.40 ± 0.20 -17.5 ± 1.4 c

(Benzo-15C5.K)?

Pure ANb 2.50 ± 0.30 14.10 ± 1.70 3 ± 1 58 ± 4

75%AN–25%MeOH 2.52 ± 0.20 14.40 ± 1.10 c 52 ± 31

50%AN–50%MeOH 3.20 ± 0.03 18.34 ± 0.16 c c

25%AN–75%MeOH 2.81 ± 0.07 16.12 ± 0.43 c 69 ± 41

Pure MeOH 2.82 ± 0.06 16.11 ± 0.32 c c

(Benzo-15C5.NH4)?

Pure ANb 3.40 ± 0.02 18.90 ± 0.14 c c

75%AN–25%MeOH 3.30 ± 0.09 18.60 ± 0.53 c c

50%AN–50%MeOH 2.50 ± 0.20 14.40 ± 1.20 c c

25%AN–75%MeOH 2.71 ± 0.12 15.50 ± 0.69 -12 ± 5 c

Pure MeOH 2.82 ± 0.09 16.11 ± 0.52 -13 ± 5 c

a SD = standard deviation
b The composition of each solvent system is expressed in mol% of each solvent
c With high uncertainty
d Reference [34]
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than those of solvents of lower solvating abilities such as

AN (DN = 14.1), therefore, the formation of the com-

plexes is weakened as the concentration of MeOH

increases in AN–MeOH binary system. As is seen in

Table 2, the values of standard enthalpy changes (DH�c)

for formation of all complexes (with a few exceptions) are

negative, therefore, the complexation reactions between

B15C5 and the studied cations are enthalpy stabilized.

Furthermore, for some of the complexation processes the

slope of the van’t Hoff plots is very small which shows

that the complex formation reactions between the studied

cations and B15C5 are athermic. In addition, as is obvious

from this Table, a non-linear behaviour is observed for

changes of DH�c values for the complexation reactions

with the composition of AN–MeOH binary solutions. The

data in Table 2, show that in most cases, the values of

standard entropy changes (DS�c) for formation of

(B15C5.Li)?, (B15C5.Na)? and (B15C5.K)? complexes

are positive, therefore, the complexation reactions

between B15C5 and Li?, Na? and K? cations are stabi-

lized from entropy view point.

Fig. 4 Changes of the stability constant (log Kf) of (B15C5.NH4)?

complex with the composition of AN–MeOH binary system at

different temperatures: 45 �C (cross), 35 �C (open triangle), 25 �C

(filled square), 15 �C (open diamond)

Fig. 5 Changes of log Kf for (B15C5.Li)?, (B15C5.Na)?, (B15C5.K)?

and (B15C5.NH4)? complexes versus cationic radii in various solvent

systems at 25 �C: (mol%AN: filled diamond = 0.0, filled triangle = 50,

open square = 75, asterisk = 100)
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Fig. 3 The fitting and experimental curves for (B15C5.K)? complex

in AN–MeOH binary system (mol%AN = 50) at 25 �C

250 J Incl Phenom Macrocycl Chem (2010) 68:245–252

123



Acknowledgement The authors acknowledge the support of this

work by Ferdowsi University of Mashhad, Mashhad, Iran.

References

1. Sendil, O., Pecenek, E., Ekmekci, G., Somer, G.: Preparation and

application of potassium ion-selective membrane electrode based

on benzo-15-crown-5 ether. Curr. Anal. Chem. 5, 53–58 (2009)

2. Han, W.S., Lee, Y.H., Jung, K.J., Ly, S.Y., Hong, T.K., Kim,

M.H.: Potassium ion-selective polyaniline solid-contact elec-

trodes based on 40,400(500)-di-tert-butyldibenzo-18-crown-6-ether

ionophore. J. Anal. Chem. 63, 987–993 (2008)

3. Shim, J., Jang, E.J., Chung, K.C.: Lead ion-selective polypyrrole

solid-contact electrode based on crown ether. Anal. Lett. 40,

3038–3049 (2007)

4. Pozzi, G., Quici, S., Fish, R.H.: Perfluorocarbon soluble crown

ethers as phase transfer catalysts. Adv. Synth. Catal. 350, 2425–

2436 (2008)

5. Pozzi, G., Quici, S., Fish, R.H.: Fluorous phase transfer catalysts:

from onium salts to crown ethers. J. Fluorine Chem. 129, 920–

929 (2008)

6. Alivertis, D., Paraskevopoulos, G., Theodorou, V., Skobridis, K.:

Dendritic effects of crown ether-functionalized dendrimers on the

solvent extraction of metal ions. Tetrahedron Lett. 50, 6019–6021

(2009)

7. Zamani, A.A., Zarabadi, A.S., Yaftian, M.R.: Water soluble

crown ethers: selective masking agents for improving extraction-

separation of zinc and lead cations. J. Incl. Phenom. Macrocycl.

Chem. 63, 327–334 (2009)

8. Tu, C., Surowiec, K., Gega, J., Purkiss, D.W., Bartsch, R.A.:

Di-ionizable calix[4]arene-1,2-crown-5 and -crown-6 ethers in

cone conformations: synthesis and divalent metal ion extraction.

Tetrahedron 64, 1187–1196 (2008)

9. Yongzhu, J., Hirose, K., Nakamura, T., Nishioka, R., Ueshige, T.,

Tobe, Y.: Preparation and evaluation of a chiral stationary phase

covalently bound with a chiral pseudo-18-crown-6 ether having a

phenolic hydroxy group for enantiomer separation of amino

compounds. J. Chromatogr. A 1129, 201–207 (2006)

10. Rawat, N., Mohapatra, P.K., Lakshmi, D.S., Bhattacharyya, A.,

Manchanda, V.K.: Evaluation of a supported liquid membrane

containing a macrocyclic ionophore for selective removal of

strontium from nuclear waste solution. J. Membr. Sci. 275, 82–88

(2006)

11. Pedersen, C.J.: Ionic complexes of macrocyclic polyethers. Fed.

Proc., Fed. Am. Soc. Exp. Biol. 27, 1305–1309 (1968)

12. Wong, K.H., Konizer, G., Smid, J.: Binding of cyclic polyethers

to ion pairs of carbanion alkali salts. J. Am. Chem. Soc. 92, 666–

670 (1970)

13. Wipf, H.K., Pioda, L.A.R., Stefanac, Z., Simon, W.: Komplexe

von Enniatinen und anderen Antibiotika mit Alkalimetallionen.

Helv. Chim. Acta 51, 377–381 (1968)

14. Prestegard, J.H., Chan, S.I.: Proton magnetic resonance studies of

the cation-binding properties of nonactin. I. K?-nonactin com-

plex. Biochemistry 8, 3921–3927 (1969)

15. Prestegard, J.H., Chan, S.I.: Proton magnetic resonance studies of

the cation-binding properties of nonactin. II. Comparison of the

sodium ion, potassium ion, and cesium ion complexes. J. Am.

Chem. Soc. 92, 4440–4446 (1970)

16. Rofouei, M., Ahmadalinezhah, A., Taghdiri, M.: Complexation

thermodynamics of some alkali-metal cations with 1,13-bis(8-

quinolyl)-1,4,7,10,13-pentaoxatridecane in acetonitrile. J. Incl.

Phenom. Macrocycl. Chem. 58, 377–382 (2007)

17. Al-Mustafa, J., Hamzah, S., Marji, D.: Thermodynamics of amino

acid methyl ester hydrochlorides–crown ether complexes in

methanol at 25 �C. J. Sol. Chem. 30, 681–694 (2004)

18. Khayatian, G., Karoonian, F.S., Vaziri, S.: Conductance study of

the complexation of NH4
? and Tl? ion with different crown

ethers in binary acetonitrile–methanol mixtures. Pol. J. Chem. 82,

537–545 (2008)

19. Khayatian, G., Karoonian, F.S.: Conductance and thermodynamic

study of the complexation of ammonium ion with different crown

ethers in binary nonaqueous solvents. J. Chin. Chem. Soc. 55,

377–384 (2008)

20. Rounaghi, G.H., Razavipanah, E.: Complexation of 40-nitro-

benzo-15-crown-5 with Li?, Na?, K?, and NH4
? cations in

acetonitrile–methanol binary solutions. J. Incl. Phenom. Macro-

cycl. Chem. 61, 313–318 (2008)

21. Ansari Fard, M., Rounaghi, G.H., Chamsaz, M., Taheri, K.: Study

of complex formation between 18-crown-6 and diaza-18-crown-6

with uranyl cation (UO2?) in some binary mixed aqueous and

non-aqueous solvents. J. Incl. Phenom. Macrocycl. Chem. 64, 49

(2009)

22. Rounaghi, G.H., Tarahomi, S., Mohajeri, M.: A conductometric

study of Complexation reaction between dibenzo-24-crown-8

with yttrium cation in some binary mixed non-aqueous solvents.

J. Incl. Phenom. Macrocycl. Chem. 63, 319–325 (2009)

23. Genplot, A.: Data Analysis and Graphical Plotting Program for

Scientist and Engineers. Computer Graphic Service, Ltd., Ithaca,

NY (1989)

24. Rounaghi, G.H., Eshaghi, Z., Ghiamati, E.: Thermodynamic

study of complex formation between 18-crown-6 and potassium

ion in some binary non-aqueous solvents using a conductometric

method. Talanta 44, 275–282 (1997)

25. Krestov, G.A., Novosyolov, N.P., Perelygin, I.S.: Ionic Solvation.

Ellis Horwood, New York (1994)

26. Lindoy, L.F.: The Chemistry of Macrocyclic Ligand Complexes.

Cambridege University Press, Cambridge (1989). Chapter 3

27. Gokel, G.: Crown Ether and Crytands. The Royal Society of

Chemistry, London (1991). Chapter 3

28. Takeda, Y.: A conductance study of alkali metal ion-benzo-15-

crown-5 complexes in propylene carbonate. Bull. Chem. Soc.

Jpn. 55, 2040–2041 (1982)

29. Izatt, R.M., Bradshaw, J.S., Nielsen, S.A., Lamb, J.D., Chris-

tensen, J.J.: Thermodynamic and kinetic data for cation-macro-

cycle interaction. Chem. Rev. 85, 271–339 (1985)

30. Izatt, R.M., Pawlak, K., Bradshaw, J.S.: Thermodynamic and

kinetic data for macrocycle interaction with cations and anions.

Chem. Rev. 91, 1721–2085 (1991)

31. Dishong, D.M., Gokel, G.W.: Crown cation complex effects. 16.

Solvent dependence of the 15-crown-5 and 18-crown-6 equilib-

riums with sodium cation. J. Org. Chem. 47, 147–148 (1982)

32. Ikeda, I., Emura, H., Yamamura, S., Okahara, M.: Contribution of

lipophylicity to the performance of crown ethers. Effect of bulk

Table 3 log Kf values of the 15-crown-5 and benzo-15-crown-5

complexes with alkali cations in methanol solution at 25 �C

MeOH Li? Na? K? NH4
?

15C5 – 3.27a 3.6b 3.03c

B15C5 2.72d (2.31b) 2.86d (2.87c) 2.82d (2.80c) 2.82d

a Reference [31–33 (Average of three published values)]
b Reference [30]
c Reference [29]
d This work

J Incl Phenom Macrocycl Chem (2010) 68:245–252 251

123



and shape of the lipophylic substituents. J. Org. Chem. 47, 5150–

5153 (1982)

33. Gokel, G.W., Goli, D.M., Minganti, C., Echegoyen, L.: Clarifica-

tion of the hole-size cation-diameter relationship in crown ethers

and a new method for determining calcium cation homogeneous

equilibrium binding constants. J. Am. Chem. Soc. 105, 6786–6788

(1983)

34. Rounaghi, G.H., Mohajeri, M., Ahmadzadeh, S., Tarahomi, S.: A

thermodynamic study of interaction of Na? cation with benzo-15-

crown-5 in binary mixed non-aqueous solvents. J. Incl. Phenom.

Macrocycl. Chem. 63, 365–372 (2009)

252 J Incl Phenom Macrocycl Chem (2010) 68:245–252

123


	Thermodynamic behavior of complexation process between benzo-15-crown-5 with Li+, Na+, K+, and NH4+ cations in acetonitrile--methanol binary media
	Abstract
	Introduction
	Experimental
	Apparatus
	Results
	Discussion
	Acknowledgement
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


