
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 23 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Coordination Chemistry
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713455674

LITHIUM-7 NMR STUDY OF THE THERMODYNAMICS OF
COMPLEXATION OF LI± ION WITH TETRAETHYLENEGLYCOL-BIS-(8-
QUINOLYL) ETHER IN NON-AQUEOUS SOLUTION
Madrakian Tayyebeha; Zolgharnein Javadb; Shamsipur Mojtabab

a Department of Chemistry, Bouali Sina University, Hamadan, Iran b Department of Chemistry, Razi
University, Kermanshah, Iran

To cite this Article Tayyebeh, Madrakian , Javad, Zolgharnein and Mojtaba, Shamsipur(1996) 'LITHIUM-7 NMR STUDY
OF THE THERMODYNAMICS OF COMPLEXATION OF LI± ION WITH TETRAETHYLENEGLYCOL-BIS-(8-
QUINOLYL) ETHER IN NON-AQUEOUS SOLUTION', Journal of Coordination Chemistry, 40: 1, 121 — 131
To link to this Article: DOI: 10.1080/00958979608022851
URL: http://dx.doi.org/10.1080/00958979608022851

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713455674
http://dx.doi.org/10.1080/00958979608022851
http://www.informaworld.com/terms-and-conditions-of-access.pdf


J Coord. Chem,  1996, Vol. 40, pp. 121-131 
Reprints available directly from the publisher 
Photocopying permitted by license only 

0 1996 OPA (Overseas Publishers Association) 
Amsterdam B.V. Published in The Netherlands 

under license by Gordon and Breach Science Publishers 
Printed in Malaysia 
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LI NMR measurements were used to study the stoichiometry and stability of Li' complexes with 
tetraethyleneglycolbis-(8-quinolyljether (TEGQj in nitromethane, acetonitrile and their 1 : 1 (molmol) 
mixture. The resulting chemical shift-mol ratio data revealed the formation of both 1:l and 2.1 
(metal/ligandj complexes in solution. Formation of the two complexes was further supported by 
monitoring the molar conductance of LiC10, solutions as a function of TEGQ/Li' mol ratio. The 
stepwise formation constants of the 1:l and 2:l complexes were evaluated from the computer 
fitting of the mol ratio data to equations which relate observed 'Li chemical shifts to formation 
constants. The enthalpy and entropy of complexation in all three solvent systems used were deter- 
mined from the temperature dependence of the formation constants. Values of AHo and ASo were 
found to be solvent dependent. While the stabilities of both 1: 1 and 2: 1 complexes are of enthalpic 
origin in nitromethane, they become of entropic origin in acetonitrile solution. 

Keywords: 

1 .  

TEGQ; Li'; complexes; formation constants; thermodynamics; 7Li NMR 

INTRODUCTION 

Since the first report on complexation of open-chain polyethylene glycols with 
alkali metal ions,] there has been a growing interest in the coordination chem- 
istry of these ligands and their metal ion This is due to the simi- 
larities of the ligands in many respects to synthetic and naturally occurring 

*Author for correspondence. 
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122 T. MADRAKIAN et al. 

polyether ionophores. However, much less thermodynamic data is available on 
the complexation of open chain polyethylene glycols, in comparison with those 
reported for macrocyclic crown ethers and cryptands in different solvent 
systems."' ' 

In recent years we have employed nuclear magnetic resonance spectrometry 
as a very sensitive technique to investigate the thermodynamics and exchange 
kinetics and mechanism of a number of metal ion-macrocycle complexes in 
non-aqueous and mixed solvents.'"'' In this paper we report the use of the 
lithium-7 NMR technique in nitromethane, acetonitrile and their 1 :1 (mo1:mol) 
mixture to investigate the thermodynamics of complexation of Li' ion with 
tetraethyleneglycolbis-(8-quinolyl)ether (TEGQ, I), a polyether molecule which 
resembles the noncyclic nigercin antibiotics with respect to molecular 
f le~ibil i ty.~. '~ 

Reagent grade tetreaethyleneglycolbis-(8-quinoly1)ether (TEGQ, Fluka) was used 
without any further purification except for vacuum drying over P,O, for 
72 h. Lithium perchlorate (Merck) was purified and dried by a previously reported 
method." Spectroscopic grade nitromethane (NM, Reidel) and acetonitrile (AN, 
Merck) were used as received. 

All nuclear magnetic resonance measurements were carried out on a JEOL 
FX 90 Q FT-NMR Spectrometer with a field strength of 21.13 kG. At this field, 
lithium-7 resonates at 33.4 MHz. A 4.0 M aqueous LiCl solution was used as 
external reference and the reported 'Li chemical shifts referred to this solution. 
Paramagnetic (down field) shift from the reference is designated as being posi- 
tive. The concentration of all LiClO, solutions used was 5.0 x M. Tempera- 
ture of the probe was adjusted at the desired value f 0.1 "C with a temperature 
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LITHIUM-7 NMR STUDIES 123 

control unit using a sensitive heating element. To reach the equilibrium tempera- 
ture, each sample tube was left in the probe for at least 10 min before measure- 
ments began. 

Conductivity measurements were carried out with a Metrohm 712 
conductometer. A dip-type conductivity cell with platinum black electrodes and 
with a cell constant of 0.8540 cm-' was used. In all measurements the cell was 
thermostatted at 25.00 k 0.05"C using a Haake D1 thermostat. 

RESULTS AND DISCUSSION 

7Li chemical shifts were monitored as a function of TEGQ/Li+ mol ratio at 
various temperatures in NM, AN and 1: 1 NM-AN solutions. All resulting chemi- 
cal shift-mol ratio data are summarized in Table I and sample plots of 6 vs 
[TEGQ]/[Li+] in pure NM and AN solutions at 27°C are shown in Figure 1. In 
all cases studied, only one population average resonance of Li' ion was ob- 
served, indicating that exchange of the metal ion between solvated and complexed 
sites is fast on the NMR time scale. 

[ TEGQ] /[ Li+] 

FIGURE 1 Lithium-7 chemical shift as a function of TEGQ/LiC mol ratio at 27'C in NM (1) and 
AN (2) solutions; solid lines are the calculated points and the filled circles are the experimental 
points. 
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LITHIUM-7 NMR STUDIES 125 

As is obvious from Figure 1, the resulting shift vs mol ratio plots in NM and 
AN show two distinct inflection points at ligandmetal ion mol ratios of 0.5 and 
1, indicating the formation of two complexes with the respective stoichiometries 
of TEGQ.2Li' and TEGQ.Li+ in solution. Evidence for the formation such 
1:l and 2:l (metalhigand) adducts between TEGQ and Na', K' and Mg2+ in 
methanol solution involving absortion changes in the electronic spectra of the 
ligand have been reported in the l i terat~re .~,  

In order to get further information about TEGQ interactions with Li' ion in 
NM and AN solutions, we studied the molar conductance of metal ion solutions 
(1 .O x lo4 M) as a function of the ligand concentration relative to the concen- 
tration of Lit ion. The resulting molar conductance vs TEGQ to lithium ion mol 
ratio plots in NM and AN solutions at 25°C are shown in Figure 2. Interestingly, 
both plots show two sharp inflection points at ligand to metal ion rnol ratios of 
0.5 and 1 a fact which strongly supports the NMR data. We have previously 
observed similar conductance behaviour for the formation of DA1 8C6.NH3+ and 
DA18C6.2NH,+,21 as well as 18C6.H30+ and 2(18C6).NH; in non-aqueous 
s~lution.*~-*~ 

[ TEGQ]/[Li+] 

FIGURE 2 
NM(1) and AN(2) solutions. 

Molar conductance (S-I cm2 mol-') as a function of TEGQ/Li+ mol ratio at 25°C in 
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126 T. MADRAKIAN et al. 

When both 1:l and 2:l (metalhgand) complexes are formed, i.e., 

M + L = M L  K, = [MLl/[MLI[LJ (1) 

ML + M = M,L K, = [M,Ll/[MLl [MI (2) 

(the charges are omitted for simplicity), the mass balance equations can be 
written as 

CL = [L] + [ML] + [M,L] (4) 

where CM and C, are the analytical concentrations of the metal ion and ligand, 
respectively. Then, the mass balance equations can be solved to obtain an equa- 
tion for the free metal ion concentration, [MI, as in (5). 

K1K2[M13 + [KIKQCL - CM) + K11[M21 + [1 + K,(CL - CM)I 

[MI-C,= 0 ( 5 )  

The observed chemical shift of 7Li is also given by 

where 6,, & and &2L are the respective chemical shifts of the free, 1: 1 complexed 
and 2: 1 complexed lithium ion. For evaluation of the stepwise formation constants 
from the chemical shift-mol ratio data, a non-linear, least-squares curve fitting 
program, KINFIT, was used.24 Adjustable parameters are the stepwise formation 
constants and the corresponding chemical shifts (i.e., K,, K,, 6, and &,,>. 

During the fitting process, the free metal ion concentration, [MI, was calcu- 
lated from equation (5) by means of a Newton-Raphson procedure. Once the 
value of [MI had been obtained, the concentrations of all other species involved 
were calculated from the mass balance equations (3) and (4), using estimated 
values of formation constants at the current iteration step of the program. Re- 
finement of the parameters was continued until the sum-of-squares of the re- 
sidual between the observed and calculated (from equation (6)) chemical shifts 
for all experimental points was minimized. The output of the program KINFIT 
comprises the refined parameters, the sum-of-squares and the standard deviation 
of the data. All the calculated stepwise formation constants are summarized in 
Table 11. Our assumption of 1:l and 2:l stoichiometries for the resulting 
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LITHIUM-7 NMR STUDIES 127 

complexes seems reasonable in the light of fair agreement between the observed 
and calculated chemical shifts (see Figure 1). 

In order to have a better understanding of the thermodynamics of complexation 
between TEGQ and Li' ion, it is useful to consider the enthalpic and entropic 
contributions to these reactions. The enthalpy and entropy of the complexation 
reactions were determined by measuring the stepwise formation constants of the 
resulting 1 : 1 and 2:  1 complexes as a function of temperature (see Table 11). The 
van7 Hoff plots of log K vs 1/T for the 1:l and 2:l complexes in various non- 
aqueous solutions used were linear (Figure 3). AHo and ASo values were evaluated 
in the usual manner from the slopes and intercepts of the plots, respectively, and results 
are also included in Table 11. 

From the data given in Table I1 it is obvious that the nature of solvent plays an 
important role in complex formation. At all temperatures, complex stability decreases 
in the order NM > NM-AN >AN. It should be noted that, while NM andAN have about 
the same dielectric constants, their solvating abilities, as expressed by the 
Gutmann donor number,25 are quite different (k., E = 35.9 and DN = 2.7 for NM 
and E = 36.1 and DN = 14.1 fo rm) .  It is well known that the donating ability of solvent 
plays a key role in different complexation  reaction^.'^-^^^^^^^ AN as a solvent of higher 
solvating ability can compete more with TEGQ for Li' than can NM as a poor 
solvating solvent. Thus, it is not unexpected to have the most stable TEGQ-Li' 
complex in NM and the least stable in AN solution. 

The thermodynamic data presented in Table II clearly illustrate the fact that the 
enthalpy and entropy changes obtained for both 1 : 1 and 2: 1 complexes vary very 
significantly with the nature of non-aqueous solutions used. It is seen that, while 
the stabilities of both complex adducts are of enthalpic origin in NM and NM-AN 
mixture, they become of entropic origin in pure AN. This would be mainly due to 

1 

2.3" I I 

2.95 3.05 3.15 3.25 
1000/T 

'5 

FIGURE 3 Van't Hoff plots for Li' ion complexes with TEGQ in different non-aqueous solutions; 
(1) log K. in NM, (2) log K, in NM-AN, (3 )  Log K, in AN, (4) log K, in NM, (5) log K, in 
NM-AN, (6) log K, in AN. 
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LITHIUM-7 NMR STUDIES 129 

the solvation-desolvation behaviour of the reactants and products as well as 
the change in flexibility of TEGQ brought about upon its complexation with 
Li' ion. 

In NM, as a poorly solvating solvent, both 1:l and 2:l complexes are 
enthalpy stabilized but entropy destabilized. Very negative AH" values in this 
solvent emphasize the more comfortable stronger interactions between the 
weakly solvated cation and the free donating groups of the ligand. In this case, 
the positive contribution due to desolvation of the reactants in the entropy 
changes of the system is expected to be negligible. On the other hand, it seems 
reasonable to assume that the main reason for the negative entropy of com- 
plexation is the decrease in the conformational entropy of the ligand upon 
formation of a metal Large polyethers such as TEGQ should be 
rather flexible in the free state. The degree of flexibility would vary with the 
solvent, i.e., with the extent of ligand-solvent interaction. Formation of a rigid 
complex with the cation should decrease the conformational entropy of the 
ligand and thus, possibly, give rise to a negative value. 

On the other hand, in AN, as a relatively highly solvating solvent, AH" 
values become much more positive than those in NM at the expense of a 
considerable increase in AS" values. AN can not only strongly solvate the Li' 
ion, but also may have some considerable interaction with the ligand itself, 
such as that observed for the case of 18C6 in AN solution.29 Thus, an 
unfavourable AH" value for the TEGQ- Li' system is not surprizing. More- 
over, in this case, the positive contribution of both ligand and cation desolvation 
to the overall ASo of the system seems to be so high that it can overcome the 
negative contribution of conformational entropy of the ligand brought about 
upon complexation. Such a positive entropy values for the complexation of 
silver3' and lead ions with TEGQ in methanol as a solvent of about the same 
order of solvating ability as AN2' have already been reported in the literature. 

It is interesting to note that, in NM-AN mixture, the thermodynamic 
behaviour of the Li'-TEGQ system more resembles that in pure nitromethane, 
although the solvent components are present in 1: 1 (mol/mol) composition. 
These results seem to be inconsistent with the preferential solvation of Li' ion 
with AN in the solvent mixture.32 However, as was pointed out before, not 
only the cation and ligand desolvation contributes to the ASo value, but ligand 
conformational changes upon complexation may also have a very significant 
role in the thermodynamic behaviour of complexation. In a recent publication 
on the mechanism of complexation of Li' and Na' ions with tetraglyme in 
nitromethane, Petrucci and co-workers have clearly shown that they follow the 
Eigen-Winkler mechanism.33 
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130 T. MADRAKIAN et al. 

where M+ is the solvated cation, C is the free solvated glyme and M...C', MC' 
and (MC)' are three different conformations of the complex. Based on ultrasonic 
relaxation data, they concluded that the initial rearrangement of the ligand is rate 
determining for faster processes, and the flexibility of tetraglyme affects both 
the fast process (through kl) and the slow process (through k2). Consequently, 
overall values of the enthalpies and entropies of complexation are sums of con- 
tributions of several processes, all of which are influenced by the nature of 
solvent to some extent. Thus, it seems reasonable to assume that the observed 
thermodynamic behaviour of the Li+-TEGQ system in NM + AN mixture is 
mainly related to the flexibility of TEGQ in its possible conformations, during 
the course of complexation. However, the TEGQ conformation in each step (and 
especially the ligand-solvent interaction) must be much better known before the 
nature of thermodynamic behaviour can be elucidated. 
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