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1 1. INTRODUCTION

Conductance measurements of an electrolyte solu�
tion in the presence of a crown compound provide two
valuable pieces of information. The first, is detection
of complexation between the crown compound and
the cation. Furthermore, the stability constant of the
crown compound—cation complex can be deter�
mined from the conductance data. Macrocycle design
parameters, such as cavity size, the type and the num�
ber of donor atoms, the type and the number of pro�
ton�ionizable groups within and without the macrocy�
cle cavity, chirality’s, the substituent groups, and steric
hindrance and also the solvent parameters can all be
used to obtain the desired selectivities [1, 2].

Today, the chemistry of the crown compounds forms
an important part of the literature [3, 4]. Some of the
papers deal with their applications such as ionopheres
in the construction of ion selective electrode [5–7], in
ion exchange membrane [8, 9], in the preparation and
preconcentration of the metal cations [10] and in the
recovery of rare earth metal elements [11, 12].

1 The article is published in the original.
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The goal of the present investigation is to study the
effect of nature of the cations and especially the sol�
vent properties on the stoichiometry, stability and also
the selectivity of the complexes formed between 4'�
nitrobenzo�15�crown�5 and Fe3+, Y3+, Cd2+, Sn4+,
Ce3+ and Au3+ metal cations in methanol, acetonitrile
and nitromethane using the conductometric tech�
nique.

2. EXPERIMENTAL

2.1. Material

4'�Nitrobenzo�15C5 (Merck), thin chloride
(SnCl4 5H2O), cadmium nitrate (Cd(NO3)2 · 4H2O),
iron nitrate (Fe(NO3)3 · 6H2O), gold chloride (AuCl3 ·
H2O), yttrium nitrate (Y(NO3)3 · 6H2O), cerium
nitrate (Ce(NO3)3 6H2O) methanol (CH3OH), aceto�
nitrile (CH3CN) and nitromethane (CH3NO2) (all
from Merck) were used with the highest purity.

2.2. Procedure

The experimental procedure used to obtain the sta�
bility constants of the complexes is as follows: a solu�
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tion of metal salt (10–4 M) was placed in a titration cell
and the conductance of solution was measured, then a
step�by�step increase in the crown ether concentration
was carried out by a rapid transfer from crown ether solu�
tion prepared in the same solvent (2 × 10–3 M) to the
titration cell using a microburtte 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 160, in a water�bath
termostated at a constant temperature maintained
within ±0.1°C.

3. RESULTS AND DISCUSSION

The changes of molar conductance (Λm) versus the
ligand to the cation molar ratios ([L]t/[M]t) for com�
plexation of 4'NB15C5 with Fe3+, Y3+, Cd2+, Sn4+,
Ce3+ and Au3+ metal cations in methanol, acetonitrile
and nitromethane were studied at different tempera�
tures. Four typical series of molar conductance values
as a function of ligand/metal cation mole ratios in NM
and AN solvents are shown in Figs. 1–4.

The stability constants of the 4'NB15C5 crown
ether complexes at each temperature were calculated
from variation of molar conductance as a function of
ligand/metal cation mole ratios using a GENPLOT
computer program. The values of the stability con�

1

stants (logKf) for the 4'NB15C5 ⋅ Mn+(Mn+= Fe3+, Y3+,
Cd2+, Sn4+, Ce3+ and Au3+) complexes in various sol�
vent systems at different temperatures are listed in
Table 1.

As is obvious from Fig. 1, addition of 4'NB15C5
crown ether to Cd2+ ion in nitromethane solutions at
different temperatures results in an increase in molar
conductivity. This indicates that the (4'NB15C5 ⋅
Cd2+) complex in NM solvent is more mobile than free
solvated Cd2+ ion. The slope of the corresponding
molar conductivity versus ligand/cation mole ratio
plots changes sharply 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
Cd2+ ion and 4'NB15C5 ligand in nitromethane solu�
tions. But a gradual increase in the molar conductance
was observed for some of the studied metal cations
upon addition of the ligand to their solutions, which
does not show a considerable change in the curvature
of the plots at mole ratio 1, indicating that a weaker 1:1
[M:L] complex is formed in solutions. In most cases,
as the temperature increases, the curvature of the mole
ratio plots for complexation of 4'NB15C5 with the
studied metal cations decreases which is an evidence
for formation of stronger complexes at lower tempera�
tures, therefore, the complexation processes are exo�
thermic in these solvent systems and due to a decrease
in viscosity of solvents with increasing temperature
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Fig. 1. Molar conductance�mole ratio plots for
(4'NB15C5 · Cd2+) complex in NM at 15°C (*), 25°C (×),
35°C (�), 45°C (�) and 55°C (�).
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Fig. 2. Molar conductance�mole ratio plots for complex�
ation of 4'NB15C5 with Fe3+ cation in NM at 15°C (*),
25°C (×), 35°C (�), 45°C (�) and 55°C (�).
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results in an increase the solvation of the dissolved spe�
cies in solutions [13].

An interesting behaviour was observed for com�
plexation of 4'NB15C5 with Fe3+, Y3+, Sn4+ and Ce3+

cations in nitromethane solutions. As is obvious from
Figs. 2 and 3, addition of 4'NB15C5 to Fe3+ and Y3+

cations solutions at different temperatures causes the
molar conductivity to initially decrease until the mole
ratio reaches to 1/2 and then to increase. These graph�
ical results indicate that 2: 1 [M2 : L] complexes are
formed between 4'NB15C5 and Fe3+ and Y3+ cations
in nitromethane solutions and these complexes are less
mobile than free solvated Fe3+ and Y3+ cations. It
seems that further addition of the ligand to [M2:L]
complexes, causes formation of [M2 : L2] complexes
with a club sandwich structure which are less solvated
than [M2:L] complexes in nitromethane solutions and,
therefore, the molar conductivity increases. Similar
behaviour was observed for Sn4+ and Ce3+ cations in
nitromethane solutions. Since the cavity size of
4'NB15C5 is not big enough to fit two Mn+ (Mn+ =
Fe3+, Y3+, Sn4+ and Ce3+) cations, but it may suggest
that the second Mn+ cation probably interacts with the
ligand via oxygen donor of –NO2 group and also with
the π electron system of benzo group and, therefore,
they form a 2: 1 [M2 : L] complex with the metal cat�
ions in nitromethane solutions and further addition of

1

4'NB15C5 results in formation a [M2 : L2] complex
with a club sandwich structure.

Since the donor number of methanol (DN = 20.0)
is bigger than those of acetonitrile (DN = 14.1) and
nitromethane (DN = 2.7), therefore, the metal cat�
ions are much more solvated in this solvent in com�
pared to the other two organic solvents. Therefore, as
is obvious for Table 2, all of the metal cations form
only 1:1 [M:L] complexes with 4'�nitrobenzo�15�
crown�5 in methanol solutions.

As is obvious from Fig. 4, addition of 4'NB15C5 to
Sn4+ cation in acetonitrile solutions at different tem�
peratures causes the molar conductivity to initially
increase very slowly until the mole ratio reaches 1:1
and then to increase rapidly. Such behaviour may be
described according to the following equilibria:

4'NB15C5 + Sn4+  (4'NB15C5 ⋅ Sn4+), (I)

(II)

It seems that addition of the ligand to Sn4+ cation
solution results in formation of a 1:1 complex (I) in
which the mobility of the solvated complex is close to
the mobility of free solvated Sn4+ cation, then addition
of the second ligand to 1:1 [M:L] complex, causes for�
mation of a 1:2 [M: L2] complex with a sandwich
structure which is less solvated than the 1:1 complex in

4 'NB15C5 Sn4+
⋅( ) 4 'NB15C5+

4 'NB15C5( )2 Sn4+
⋅[ ].
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Fig. 3. Molar conductance�mole ratio plots for complex�
ation of 4'NB15C5 with Y3+ cation in NM at 15°C (*),
25°C (×), 35°C (�), 45°C (�) and 55°C (�).
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Fig. 4. Molar conductance�mole ratio plots for complex�
ation of 4'NB15C5 with Sn@4+ cation in MeOH at 15°C
(*), 25°C (×), 35°C (�), 45°C (�) and 55°C (�).
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acetonitrile solutions and, therefore, the conductivity
increases. The stoichiometric values for complexation
of 4'NB15C5 with Fe3+, Y3+, Cd2+, Sn4+, Ce3+ and Au3+

1

metal cations in different non�aqueous solvents are
summarized in Table 2.

The values of logKf for formation of (4'NB15C5
⋅ Fe3+), (4'NB15C5 ⋅ Y3+), (4'NB15C5 ⋅ Cd2+),
(4'NB15C5 ⋅ Sn4+), (4'NB15C5 ⋅ Ce3+) and
(4'NB15C5 ⋅ Au3+) complexes in various solvent sys�
tems at different temperatures are given in Table 1. As
is obvious from this Table, the order of stability of
these complexes in methanol solutions at 15°C is:

(4'NB15C5 ⋅ Sn4+) > (4'NB15C5 ⋅ Cd2+) >
(4'NB15C5 ⋅ Y3+) > (4'NB15C5 ⋅ Fe3+) ≈ 4'NB15C5 ⋅
Ce3+) > (4'NB15C5 ⋅ Au3+), but in the case of acetoni�
trile, the stability sequence was found to be:
(4'NB15C5 ) > (4'NB15C5 ⋅ Y3+) > (4'NB15C5 ⋅ Au3+)
> (4'NB15C5 ⋅ Fe3+) > (4'NB15C5 ⋅ Cd2+).

This behaviour shows that the selectivity of
4'NB15C5 for the studied metal cations in solutions
undergoes the solvent effect. The changes of logKf for

Table 1. LogKf values of (4'NB15C5 ⋅ Fe3+), (4'NB15C5 ⋅ Y3+), (4'NB15C5 ⋅ Cd2+), (4'NB15C5 ⋅ Sn4+),
(4'NB15C5 ⋅ Ce3+) and (4'NB15C5 ⋅ Au3+) complexes in various solvents at different temperatures

Medium LogKf  ±  SDa

15°C 25°C 35°C 45°C 55°C

(4'NB15C5 ⋅ Fe3+)

MeOH 4.0 ± 0.2 3.7 ± 0.1 2.7 ± 0.2 2.2 ± 0.4 2.1 ± 0.1

AN 2.9 ± 0.1 2.9 ± 0.1 2.9 ± 0.1 2.8 ± 0.2 b

NM b b b b

(4'NB15C5 ⋅ Y3+)

MeOH 4.8 ± 0.1 3.7 ± 0.2 3.1 ± 0.3 2.8 ± 0.1 2.3 ± 0.1

AN 5.5 ± 0.1 4.8 ± 0.1 4.0 ± 0.1 2.0 ± 0.2 2.8 ± 0.2

NM b b b b b

(4'NB15C5 ⋅ Cd2+)

MeOH 5.0 ± 0.2 3.7 ± 0.1 b b b

AN 2.4 ± 0.6 2.1 ± 0.4 2.4 ± 0.5 2.0 ± 0.2 2.4 ± 0.4

NM 3.7 ± 0.1 3.9 ± 0.2 3.7 ± 0.1 3.9 ± 0.1 3.7 ± 0.1

(4'NB15C5 ⋅ Sn4+)

MeOH 5.2 ± 0.4 2.7 ± 0.5 b b b

AN b b b b b

NM b b b b b

(4'NB15C5 ⋅ Ce3+)

MeOH 4.0 ± 0.1 1.8 ± 0.2 1.7 ± 0.2 b b

AN b b b b b

NM b b b b b

(4'NB15C5 ⋅ Au3+)

MeOH 2.2 ± 0.2 b b b b

AN 3.1 ± 0.1 2.5 ± 0.4 1.5 ± 0.1 1.0 ± 0.2 b

NM b 4.8 ± 0.3 5.7 ± 0.2 4.6 ± 0.2 b
aSD: Standard deviation.
b The data can not be fitted in equation

Table 2. Stoichiometric values of complexes ([M : L]) formed
between 4'NB15C5 and various metal cations in non�aqueous
solvents

AN NM MeOH

Fe3+ [1 : 1] [2 : 1], [2 : 2] [1 : 1]

Y3+ [1 : 1] [2 : 1], [2 : 2] [1 : 1]

Cd2+ [1 : 1] [1 : 1] [1 : 1]

Sn4+ [1 : 1], [1 : 2] [2 : 1], [2 : 2] [1 : 1]

Ce3+ [1 : 1] [2 : 1], [2 : 2] [1 : 1]

Au3+ [1 : 1] [1 : 1], [1 : 2] [1 : 1]



RUSSIAN JOURNAL OF INORGANIC CHEMISTRY Vol. 55 No. 3  2010

359

the complexes formed between 4'NB15C5 and Fe3+,
Y3+, Cd2+, Sn4+, Ce3+ and Au3+ metal cations in meth�
anol and acetonitrile solvents versus ionic radii are
shown in Fig. 5. The Y3+ cation forms a more stable
complex with 4'NB15C5 in AN than the other metal
cations. Although the ionic radius size of Y3+ cation
(0.93 Å) [14] is smaller than the size of the 4'NB15C5
cavity (1.7–2.7 Å) [14], but since the Y3+ cation is a
harder acid than the other cations, therefore, the
interaction of this cation with the oxygen atoms of
4'NB15C5 ligand is stronger than the other metal cat�
ions.

Assuming that the activity coefficients of the cation
and complex have the same value, Kf is a thermody�
namic equilibrium constant on the molar concentra�
tion scale, related to the Gibbs standard free energy of

complexation reaction, . The van’t Hoff plots of
logKf versus 1/T for all of the investigated systems were
constructed. For example the van’t Hoff plots for
(4'NB15C5 ⋅ Au3+) and (4'NB15C5 ⋅ Y 3+) complexes
in acetonitrile solutions are shown in Fig. 6.

1 .cG °Δ

The changes in standard enthalpy( ) for the
complexation reactions were obtained from the slope
of the van’t Hoff plots and the changes is standard

entropy ( ) were calculated from the relationship

 =  – 298.15 . The thermodynamic
data are summarized in Table 3. As is evident in this
table, the complexation reactions between 4'NB15C5
and the studied metal cations in methanol and aceto�
nitrile solvents are enthalpy stabilized and entropy
destabilized and the values of standard enthalpy

( ) and standard entropy( ) for these complex�
ation processes change with the nature of non�aque�
ous solvents.

4. CONCLUSIONS

The stability and selectivity of crown ether com�
plexes with metal cations depend on several factors.
These include the cavity size of the ligand, the charac�
ter of the heteroatoms in the polyether ring, spatial
distribution of the ring binding sites, the substituent
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Table 3. Thermodynamic parameters for (4'NB15C5 Þ Y3+) and (4'NB15C5 Þ Au3+) complexes in various solvents at 25°C

Δ  ± SDa (25°C) Kcal/mol Δ  ± SDa Kcal/mol Δ  ± SDa Cal/mol · K

(4'NB15C5 Þ Y3+)

MeOH –5.1 ± 0.2 –25 ± 1.5 –67 ± 4.9

AN –6.6 ± 0.3 –36.9 ± 2.6 –101 ± 8.6

(4'NB15C5 Þ Au3+)

AN –3.4 ± 0.5 –21.6 ± 1.3 –60.7 ± 4.0
aSD: Standard deviation.
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group, and the diameter and nature of the cation. The
results obtained in this work show that the order of sta�
bility of complexes formed between macrocyclic
ligand 4'�nitrobenzo�15�crown�5 with Fe3+, Y3+, Cd2+,
Sn4+, Ce3+ and Au3+ metal cations also changes with
the nature of solvent. The conductometric measure�
ments also reveal that the stoichiometry of the com�
plexes formed between this macrocyclic ligand and the
studied metal cations changes with the nature of the
non�aqueous solvents. Therefore, the results obtained
in this work show that the mechanism and the thermo�
dynamics of complexation processes between macro�
cyclic ligands and metal cations and also the selectivity
of these kinds of ligands for metal cations may be
changed with the nature of non�aqueous solvents.
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