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ABSTRACT: The complexation reaction between 1,13-bis(8-quinolyl)-1,4,7,10,13-pentaoxatridecane 
(Kryptofix5) ligand with Zn2+, Ni2+, Co2+, Pb2+, Mn2+ and Cu2+ ions were studied conductometrically  
in different AcetoNitrile-NitroMethane (AN-NM) and AcetoNitrile-Methanol (AN-MeOH) mixtures.  
The formation constants of the resulting 1:1 complexes were calculated from the computer fitting  
of the molar conductance in various mole ratios. The enthalpy and entropy changes of the complexation 
reactions were derived from conductometric titrations in different AN-NM mixtures at various 
temperatures. The results revealed that Kryptofix5 forms very stable 1:1 complexes with mentioned 
cations in all AN-NM and AN-MeOH mixtures. It was found that the stability of the resulting complexes 
decreased with increasing nitromethane or methanol in the solvent mixture. The TΔS° vs. ΔH° plot  
of all thermodynamic data obtained shows a fairly good linear correlation indicating the existence  
of enthalpy-entropy compensation in the complexation reactions. 
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INTRODUCTION 
Since the first report of Moore and Pressman  

on the induction of the transport of potassium ions through 
the mitochondrial membrane by the antibiotic valinomycin [1],  
a series of other naturally occurring and synthetic 
compounds (including crown ethers and cryptands)  
has been discussed as potential ion carriers in artificial and 
biological membranes. Due to the similarities of  
open-chain polyethylene glycols in many respects to 
synthetic and naturally occurring antibiotics, there  
has been a growing interest in the coordination chemistry of 
 
 
 

these ligands and their metal ion complexes. However,  
in comparison with the macrocyclic crown ether and 
cryptands, much less thermodynamic data is available  
on the complexation of open chain polyethylene glycols.  

Voegtle et al. investigated the complexation of 
Kryptofix5 (Fig. 1) and another open-chain quinoline 
polyether with alkali metal ions in methanol by absorption 
measurements [2] and then reported thermodynamic 
parameters of complexation for Kryptofix5 and alkali 
metal cations in methanol at 25ºC [3]. Competitive  
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Fig. 1: The structure of Kryptofix5 ligand. 
 
spectrophotometric method for the complexation studies 
of alkali, alkaline earth and transition metal ions with 
Kryptofix5 have been reported [4]. 

Recently the interaction of Kryptofix5 with alkali 
metal cations (Li+, Na+ and K+) in aprotic medium 
(acetonitrile) has been investigated by conductometry and 
NMR methods [5].  

It was of interest to us to study the interaction of 
transition and heavy metal ions with this ligand because  
it has been less reported in the literature particularly  
in binary mixed solvents. In the previous study, we reported 
our results of the complexation study between Kryptofix5 
with Zn2+, Ni2+, Co2+, Pb2+and Cu2+ cations in acetonitrile 
by conductometry and spectrophotometry methods [6].  
In order to further investigation of the solvent role,  
in the present study, we report our results of the same 
complexation reactions in binary solvent mixtures  
by conductometry. 
 
EXPERIMENTAL  SECTION 
Reagents 

Reagent grade Kryptofix5, Methanol (MeOH) and nitrate 
salts of cobalt, copper, zinc, nickel, manganese and lead (all 
from Merck), were of the highest purity available and used 
without any further purification except for vacuum drying 
over P2O5. Spectroscopic grade acetonitrile (Merck)  
was purified and dried by the previously described method [7]. 
The conductivity of the solvent was less than 1×10-7 S cm-1. 
Reagent grade NitroMethane (NM) (Merck) was dried over 
magnesium sulfate and then distilled three times.  
The conductivity of the product was less than 5.0×10-7 S Cm-1 
at 25°C. All the AN-NM and AN-MeOH mixtures  
were prepared by weight. 

Conductometric titration 
Conductometric measurements were carried out by 

Metrohm 712 conductometer equipped with a Haake D1 
circulator. In a typical experiment, 10.0 mL of metal ion 
solution (5.0 ×10-5 mol.L-1) in the solvent was placed  
in the titration cell, thermostated to the desired temperature 
and the conductance of solution was measured. Then,  
a known amount of concentrated solution of Kryptofix5 
ligand in the same solvent (5×10-3 mol.L-1) was added  
in a stepwise manner using a Hamilton syringe.  
The conductance of the solution was measured after each 
addition. The Kryptofix5 ligand solution was continually 
added until the desired ligand to cation mole ratio  
was achieved. In all measurements, cell was thermostated  
at desired temperature ±0.1ºC. The cell constant  
at the different temperature used was determined by measuring 
the conductivity of 1×10-2 mol.L-1 solution of analytical 
grade KCl in triply distilled deionized water. The specific 
conductances of this solution at various temperatures 
have been reported in the literature [8]. A dip-type 
conductivity cell made of platinum black was used and 
the corresponding cell constant at 15, 25, 35 and 45ºC 
were 0.834, 0.832, 0.829 and 0.820 cm-1, respectively.  

The formation constants, Kf , of the resulting  
1:1 complexes were calculated by fitting the observed molar 
conductance (Λobs) data at various [ligand]/[M2+] mole 
ratios according to the method described in our previous 
publication [6]. 
 
RESULTS  AND  DISCUSSION 

In order to evaluate the influence of adding 
Kryptofix5 on the molar conductance of  Zn2+, Ni2+, Co2+, 
Pb2+, Mn2+ and Cu2+ ions in different AN-NM mixtures, 
the molar conductance at a constant metallic salt 
concentration (5.0×10-5 M) was monitored while 
increasing the Kryptofix5 concentration at various 
temperatures. The molar conductances vs. 
Kryptofix5/cation mole ratio plots were obtained and 
some of plots are shown in Figs. 2 and 3. 

In order to investigate the role of the solvent, 
complexation reactions were also performed in pure 
MeOH and AN-MeOH mixtures at 25°C. Some of the 
resulting molar conductances vs. Kryptofix5/cation mole 
ratio plots are shown in Fig. 4. 

Mole ratio plots indicate that in all cases, there is  
a gradual increase in the molar conductance with 
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Fig. 2: Molar conductance (S cm2 mol-1) vs. 
[Kryptofix5]/[M2+] for various Kryptofix5-M2+ systems at 25°C 
in different AN-NM mixtures. The M2+ cations are (A) Co2+, 
(B) Ni2+, (C) Pb2+. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3: Molar conductance (S cm2 mol-1) vs. 
[Kryptofix5]/[M2+] plots in 40% AN-60% NM mixture at 
various temperatures: (1) 15°C, (2) 25°C, (3) 35°C, (4) 45°C. 
The M2+ cations are (A) Cu2+, (B) Zn2+, (C) Mn2+. 
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Fig. 4: Molar conductance (S cm2 mol-1) vs. [Kryptofix5]/[M2+] for various Kryptofix5-M2+ systems at 25°C in (A) pure MeOH and 
(B) 40% AN-60% MeOH mixture. 
 
an increase in the Kryptofix5 concentration. This could be 
due to the lower mobility of the solvated cation and 
existence of some ion pairing in the initial salt [9-11]. 
This might indicate that the complexes formed are more 
mobile than the solvated metals ions. From mole ratio 
plots of molar conductance vs. Kryptofix5/cation mole 
ratio it is seen that, in the all cases, the slopes of the 
corresponding molar conductance-mole ratio plots change 
sharply at the point, where the ligand to cation mole ratio 
is one, emphasizing the formation of stable  
1:1 complexes between the ligand and the cations. Such  
a conductance behavior is indicative of the formation of 
ML complexes in solutions.  

The formation constants of all Kryptofix5-M2+ 

complexes in AN-NM at various temperatures and in 
AN-MeOH at 25°C, obtained by computer fitting of the 
molar conductance-mole ratio data, are listed in  
Tables 1 and 2.  

A sample computer fit of the mole ratio data is shown 
in Fig. 5. Our assumption of 1:1 stochiometry seems 
reasonable in the light of the fair agreement between  
the observed and calculated molar conductance. It should be 
noted that, in the procedure of calculation of formation 
constants, under the highly dilute experimental conditions 
(5×10-5 mol.L-1), the association between M2+ and NO3

- 
ion was considered negligible.  

The data given in Tables 1 and 2 clearly illustrate  
the fundamental role of the solvent properties in the  
M2+-Kryptofix5 complexation reactions studied.  

In order to have a better understanding of the 
thermodynamics of complexation reactions of ions with 
Kryptofix5, it is useful to investigate the enthalpic and 
entropic contributions to these reactions. The ΔH° and 
ΔS°of the complexation reactions in different AN-NM 
mixtures were evaluated from the temperature 
dependence of the formation constants by applying  
a linear least-square analysis according to the Van’t Hoff 
equation based on the method described in our previous 
publication [6]. 

The enthalpies and entropies for different  
M2+-Kryptofix5 complexes in various AN-NM mixtures are 
listed in Table 1. 

The change of the topology of the ligand from a linear 
conformation in the uncomplexed state to a helical 
conformation in the complex state leads to a large loss of 
entropy. This is supported by the experiment finding that 
the decrease of entropy due to complexation is smallest 
for the uptake of those cations, which do not induce steric 
deformation of the ligand structure [3]. 

The changes of the enthalpy of the ligand by 
complexation are mainly due to the changes of solvation, 
interamolecular ligand-ligand repulsion, the stacking  
of the aromatic residues and steric deformation of the ligand 
induced by the bound metal ion [12].  

It is well known that the cryptands due to their high 
degree of flexibility and increased number of donating 
atoms in the macrocyclic ring can wrap themselves 
around the metal ions of proper size to form 
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Table 1: Formation constant, enthalpy and entropy for different Kryptofix5-M2+ complexes in various AN-NM mixtures  
at various temperatures. 

Cation wt% AN 
Log Kf ΔH° 

(kJ mol-1) 
ΔS° 

(J mol-1 K-1) 
ΔG° 

(kJ mol-1) 15 °C 25 °C 35 °C 45 °C 

Pb2+ (1.19 Å) 100a 6.81 ± 0.01 6.76 ± 0.02 6.71 ± 0.01 6.68 ± 0.02 -8 ± 1 103 ± 2 -38 ±1 

 80 6.31 ± 0.03 6.30 ± 0.03 6.26 ± 0.03 6.14± 0.03 -9 ± 3 88 ± 10 -36 ± 4 

 60 5.37 ± 0.07 5.55 ± 0.05 5.71 ± 0.03 5.78 ± 0.03 24 ± 3 188 ± 10 -32 ± 4 

 40 4.67 ± 0.01 4.86 ± 0.09 4.97 ± 0.09 4.86 ± 0.09 12 ± 8 133 ± 28 -27 ± 12 

Zn2+(0.74 Å) 100a 6.81 ± 0.03 6.67 ± 0.02 6.59 ± 0.02 6.51 ± 0.02 -17 ± 2 70 ± 6 -38 ± 3 

 80 6.49 ± 0.06 6.84 ± 0.06 6.40 ± 0.07 6.37 ± 0.07 -14 ± 18 80 ± 60 -37 ± 25 

 60 6.72 ± 0.02 6.43± 0.03 6.60 ± 0.02 6.40 ± 0.02 -14 ± 10 79 ± 35 -37 ± 15 

 40 6.71 ±  0.01 6.55 ± 0.02 6.38 ± 0.02 6.86 ± 0.03 4 ± 19 141 ± 64 -38 ± 27 

Cu2+ (0.77 Å) 100a 6.59 ± 0.02 6.54 ± 0.02 6.51 ± 0.03 6.47 ± 0.03 -7 ± 0.5 103 ± 1 -37 ± 0.6 

 80 6.37 ± 0.05 6.55 ± 0.03 6.43 ± 0.04 6.50 ± 0.06 5 ± 7 140 ± 22 -37 ± 9 

 60 6.55 ± 0.03 6.44 ± 0.03 6.40 ± 0.04 6.56 ± 0.04 -0.5 ± 8 123 ± 25 -37 ± 11 

 40 5.71 ± 0.02 5.87 ± 0.02 5.86 ± 0.04 5.87 ± 0.03 8 ± 5 139 ± 16 -33 ± 7 

Co2+ (0.75 Å) 100a 5.85 ± 0.02 5.65 ± 0.03 5.45 ± 0.02 5.34 ± 0.03 -30 ±3 6 ± 9 -32 ± 4 

 80 5.20 ± 0.05 5.23 ± 0.01 5.18 ± 0.01 5.29 ± 0.03 4 ± 4 112 ±12 -30 ± 5 

 60 5.42 ± 0.02 4.99 ± 0.03 5.05 ± 0.03 5.04 ± 0.03 -19 ± 13 34 ± 44 -29 ± 19 

 40 4.77 ± 0.04 4.98 ± 0.01 5.11 ± 0.02 5.18 ± 0.01 24 ± 4 175 ± 13 -28 ± 5 

Ni2+ (0.69 Å) 100a 5.65 ± 0.01 5.54 ± 0.02 5.42 ± 0.01 5.31 ± 0.01 -20 ± 0.2 39 ± 1 -31 ± 0.4 

 80 5.62 ± 0.01 5.25 ± 0.02 5.30 ± 0.02 5.26 ± 0.04 -18 ± 11 42 ± 36 -31 ± 15 

 60 5.74 ± 0.02 5.23 ± 0.03 5.07 ± 0.04 4.95 ± 0.03 -45 ± 11 -47 ± 35 -31 ± 15 

 40 5.00 ± 0.03 - 4.74 ± 0.03 4.73 ± 0.02 -17 ± 5 37 ± 17 -28 ± 7 

Mn2+ (0.46 Å) 100a 6.40 ± 0.05 6.53 ± 0.04 6.10 ± 0.03 5.85 ± 0.07 -36 ± 14 0.1 ± 46 -36 ± 19 

 80 5.49 ± 0.03 5.51 ± 0.03 5.58 ± 0.05 5.38 ± 0.06 -4 ± 7 91 ± 24 -31 ± 10 

 60 5.32 ± 0.05 5.22 ± 0.03 5.32 ± 0.05 5.36 ± 0.05 4 ± 5 114 ± 17 -30 ± 7 

 40 4.58 ± 0.09 4.84 ± 0.09 5.08 ± 0.04 5.23 ± 0.04 38 ± 3 222 ± 10 -28 ± 4 
a Reference [6] 
 

Table 2: Formation constant for different Kryptofix5-M2+ complexes in various AN-MeOH mixtures at 25°C. 

wt% AN 
Log Kf  

Pb2+ Zn2+ Cu2+ Co2+ Ni2+ 

100a 6.76 ± 0.01 6.67 ± 0.02 6.54 ± 0.02 5.65 ± 0.04 
5.54 ± 0.02 

80 6.50 ± 0.02 5.89 ± 0.01 6.65 ± 0.01 6.15 ± 0.02 5.14 ±0.01 

60 6.25 ± 0.02 4.35 ± 0.01 6.41 ± 0.01 4.59 ± 0.01 3.52 ±0.01 

40 6.24 ± 0.01 4.37 ± 0.01 6.27 ± 0.01 4.53 ± 0.01 4.41 ± 0.01 

0 4.21 ± 0.02 2.99 ± 0.01 4.28 ± 0.02 3.57 ± 0.01 3.24 ± 0.01 
a Reference [6] 
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Fig. 5: Computer fit of the molar conductance-mole ratio data 
for the Kryptofix5-Ni2+ systesm at 25°C in 60% AN-40% NM. 
 
 
tridimensional wrap around complexes, in which all 
donating atoms of the ring are coordinated to the central cation.  
In this case, the size of cation is expected to influence 
strongly the extent of complex formation. The thermodynamic 
data given in Table 1 show that, in some cases, the complexes 
are enthalpy and entropy stabilized [13]. The data given 
in Table 1 clearly illustrate the fundamental role of the 
solvent properties in the M2+-Kryptofix5 complexation 
reactions. In the case of all metal ions, the stability of  
the resulting complexes with Kryptofix5 decreases with 
increasing weight percent of NM and MeOH in the 
solvent mixture. Table 1 shows that, as expected, for all 
M2+-Kryptofix5 systems, the thermodynamic data vary 
significantly with the solvent properties. However, in all 
cases, the observed increase (or decrease, depending on 
the nature of the metal ion) in ΔH° value upon addition of 
NM to the solvent mixture will be compensated by  
an increase (or decrease) in the corresponding ΔS° value. 
The existence of such a compensating effect (Fig. 6) 
between ΔH° and ΔS° values, which has been frequently 
reported for a variety of metal-ligand systems [14-16], 
would cause the overall change in the ΔG° value of the 
complex to be smaller than might be expected from  
the change in either ΔH° or ΔS° independently. 

 
CONCLUSIONS 

From the cunductomeric results obtained on the 
thermodynamics of complexation of Kryptofix5 with 
transition and heavy metal ions in different AN–NM and 
AN-MeOH binary mixtures it can be concluded that: 

 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6: Plot of TΔS° (kJ mol-1) vs. ΔH° (kJ mol-1) for 1:1 
complexation of Zn2+, Ni2+, Co2+, Pb2+, Mn2+ and Cu2+ ions 
with Kryptofix5 in different AN–NM binary mixtures. 
 

1. Kryptofix5 forms stable complexes with transition 
and heavy metal ions due to its high degree of flexibility 
and donating atoms in the macrocyclic ring. 

 2. The solvent illustrate the fundamental role of in the 
M2+-Kryptofix5 complexation reactions. In the case of all 
metal ions, the stability of the resulting complexes with 
Kryptofix5 decreases with increasing weight percent of 
NM and MeOH in the solvent mixture.  

3. Although the enthalpy and entropy changes are 
strongly solvent dependent, the observed increase (or decrease, 
depending on the nature of the metal ion) in ΔH° value 
upon addition of NM to AN will be compensated by  
an increase (or decrease) in the corresponding ΔS° value. 
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