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Abstract

Macrocyclic polyethers are ligands with selectivity for metal ions. In order to understand the interactions between ligand, ion and solvent
we resorting to study of magnetic field effect on ion-macrocyclic complexes. Therefore, we studied the complexation between 18-crown-6 anc
potassium ion in water through the conductometry technique (ir@95°C) by a nonlinear least-square program (Genplot) under magnetic
field.

We observed that stability constants of complexes in the presence of the magnetic field, were decreased. Like-wise, we observed tha
magnetic field influenced on ion, solvent and ligand one by one.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction Crown ethers are also interesting from a practical aspect
of their potential utility in advanced chemical separation,
Macrocyclic polyethers (such as crown ethers) are mul- and analytical methods].
tidentate ligands that exhibit selectivity for specific metal Computational methods capable of predicting ligand
ions in solutions containing other chemically similar ions selectivity in a variety of condensed-phase environments
(Fig. 1). They have become model systems for understand-would be valuable tools for the advancement of separation
ing molecular recognition and ligand selectivity due to the technologies. Such methods, currently under development,
enzyme-like specificity in their interactions with cations. require accurate models of the relevant noncovalent inter-
Thus, a wide variety of data on these systems has been obactions and suitable experimental data to benchmark the
tained and analyzefl]. In many case, the observed selec- calculations. One approach to achieve a detailed understand-
tivity has been rationalized by considering the relative sizes ing of noncovalent interactions is the study of magnetic
of the metal ions and the cavety of the macrocyclic ligand. field effect on ion-macrocycle complexes. Measurements
However, even for simple homologous crown ethers, a more and calculations on these complexes allow separation of
comprehensive model is required to explain all of the data intrinsic interactions, from effects due to ion solvation and
[2]. This suggests the need for a more detailed understand-solvent-induced phenomena. Obtaining accurate data on
ing of noncovalent interactions between ions and neutral complexes of cations with simple macrocyclic ligands and
molecules and for accurate values of the critical parameters,determining the formation constants of complexes required
to develop models of molecular recognition and biochemi- to accurately model these complexes are the first steps to-
cal systems with broad predictive capabilities. ward developing reliable models of the interaction between
cations and more complex macrocycles.
Crown ethers, in particular 18-crown-6, have been the
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Fig. 1. Structure of metal/18-crown-6 complexes. ammonium phosphate (TMAP), 0.05M has been used to
keep pH'’s solvent (water) at 7.

studies addition of the ligand to metal ion solution causes a
continuous decrease in the molar conductance which beging?2- Apparatus
to level off at mole ratios grater than one.

The solvation of the ligand and metal cation are influenced
by the donor ability and dielectric constant of the solvents.
As well as by the shape and size of the solvent molecules.
However, as mentioned it has been shown that the donor
ability of a solvent plays the most important role in the
behavior of crown ether complexes with metal ions.

Even for simple homologous crown ethers a more com- ;
prehensive mozel is requ?red to explain all off the data. 2mP/h] for the experiment§7].

This suggest the need for a more detailed understanding The eqdwﬁmenr: was gonnﬁcteq frlqm on;a er to the I|qU|'d
of noncovalent interactions between ions, natural moleculesPYMP an the other end to the pipelines of solvent reservoir.

and solvent, and for accurate values of the critical param- Solutions had to flow through a coaxial static magnetic gap,

eters. One approach to achieving a detailed understandingand came back to sol\{ent reservoir. T_herefc_)re, solution could
of these interactions is the study of magnetic field effect on pa_ssed through the field for many times, in a closed cycle
ion—macrocyclic complexes. (Fig. 2).

Since 1980, the effect of a magnetic field on liquids has
been studied. It has been found that water gives rise to many3 Results and discussion
phenomena when exposed to a magnetic field, even if the™
magnetic flux density is not high and the treatment time is
short[6]. Nevertheless, the experiments reported so far have
been primarily qualitative and the results not reliable, the
effect of a magnetic field on solution, therefore, need further
study.

The conductance measurement were performed by a
metrohm” conductometer, model AG 91G. The cell
constant wa® = 0.4750 cnT?! at 25°C.

The static magnetic field in a compact form, a unite called
“AQUA CORRECT” was used. The equipment has a coaxial
static magnetic system of 6000 G field strength, and was
imported from Germany (H.P.S Co.) [DN 20, 3/4in., flow

In the present study, the formation constant of (18C§.K
complex in water, as solvent (at pH 7) under static magnetic
fields was determined by conductometry. Thig, + values,
obtained in this work, showed that the stability of complexes
are affected by magnetic field in addition of various factors
[4].

It is obvious fromTable landFig. 3, in all cases, addition
of the ligand to K- solution causes a continuous decrease
in the molar conductance which begins to level off at mole
ratios greater than one. The slope of the corresponding mole
ratio plots changes sharply at the point where the ligand
to cation mole ratio is one, indicating predomination or

2. Experimental conditions
2.1. Reagents and solvent

18-Crown-6 (Merck) was recrystalized from acetonitrile
(Merck) and, dried under vacuum for 72 h, at room tempera-
ture[5]. The potassium nitrate was purchased commercially
from Merck and was recrystalized from dionized distilled
water three times and, dried at 18D in an oven and then
was kept in a vacuum desicator TMAP,(M&3PO; was
purchased commercially from Merck and used without any
purification [5]. The solvent, water, distilled three times logKs
and dionized. The conductivity of the find product was less 576+ 0.09 4.99+ 0.10 4.70+ 0.08 4.61+ 0.09
than 4x 10®cm at 25°C. The solution of tetramethyl ~ A: Omin, B: 15min, C: 1h, D: 3h.

Table 1
Formation constant of (18C67 complex in water at the different mag-
netic field time exposure

B C D
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Fig. 4. Effective factors in the magnetic field: Lines of magnetic field;
160 ‘ B: fluid current; Q: number of charged particles, which are dissolving
0 2 4 in the fluid; 6: the angle between magnetic field and fluid direction,
LM which is always verticallyf: magnetic field’s forceF = |A||B|Q siné6.
The maximum of magnetic. field's force is obtained wher= 90° C.
Fig. 3. Molar conductance-mole ratio plots for (18C6)Kcomplex in F =A||B|Q.
water at different time exposures at Z5:; (A) 0 min, (B) 15min, (C) 1h
(D) 3h.
Force on
. . Positively-
relatively stable 1:1 complex. Moreover, we obtained that, charged
when the solvent, ion or ligand solutions passed through
the magnetic field, before the complexation reaction, the 90° 90°
stability of complexes decreased (Table 1). Eleetric Magnetic
Current field

At first, we must explain the mechanism of magnetic field
treatment on complexation of crown ethers with metal ions.
The m_agnenc technology has been cited in the literature andFig. 5. Diagram showing positioning of field and force on positively
investigated by many other researcher such as [Bndhe charged.
general operating principle for the magnetic technology is a

result of the physics of interaction between a magnetic field tration of paramaanetic ions such as iron. The reason for
and moving electric charge, in this case in the form of an _ . paramag : ' L
ion (Table 2). this precaution is that the action of the magnetic field on

the ions such as K is weak. Conversely, the action of the
Sparamagnetic ions is very strong, which interferes with the
water conditioning actiofil0,11] (Fig. 5).

The result of these forces on the ions is that, in general,
positively ions (first potassium ion) and negatively charged
ions are directed toward each other with increased velocity.
The increased velocity should result in an increase in the
number of insoluble particular matter and decrease in the
solvation of each ions and thus complexation with crown
ethers, subsequently (séggy. 6). Magnetic treatment should

have no direct effect water chemistry (unless the magnets
Table 2 . . L .
Molar conductance data for various [18C6]f[Kratios in H;O at different are in contact with the \_Nater)’ yetit IS_ claimed to alter the
magnetic field time exposure morphology and adhesion of soluble ions. We have estab-
lished that a magnetic field effect exigi]. A simple hy-
drodynamic model, using the Navier—Stoke’s and Maxwell

90° South Pole

When ions pass through the magnetic field, a force is
exerted on each ion. The forces on ions of opposite charge
are in opposite directions (Fig. 4).

The redirection of the charged particles tends to increase
the frequency with which ions of opposite charge collide and
combine to form a mineral precipitate, or insoluble com-
pound[9].

The magnetic technology is generally not applicable in
situations where the water contains appreciable concen-

A B C D

MR A MR A MR A MR A

0.49 202911 049 188.871 0.49 180.890 0.49 175.937
094 192710 0.97 178.670 0.97 170.744 0.97 165.818
1 192510 1 178.510 1 170592 1 165.670

122 191910 1.22 177901 122 169.962 1.22 165.030
146 191.740 146 177.292 1.46 169.710 1.46 164.757
170 191761 1.70 177.082 1.70 169.712 1.70 164.759
242 191.750 2.42 177.103 242 169.711 2.42 164.756
3.62 191.741 362 177.092 3.62 169.710 3.62 164.758
481 191.739 4.81 177.083 4.81 169.709 4.81 164.757

0 213.740 O 199.700 O 191610 O 189.710 [T
[
1

A: Omin, B: 15min, C: 1h, D: 3h. Units4, Scnt? mol™%; [K1] =
5x 1074 M. Fig. 6. Configuration of ions in magnetic field.
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equations, predicts that there is a strong energy coupling andnitial value [14]. Thus, by measuring the relative change
transfer between the kind of energy turbulent flow and the in water conductivity, we observed the effect of initiating
magnetic field which can be amplifi¢l3]. The main theo- slow physic chemical processes when low magnetic fields
retical issues which have to be addressed are coupling ancare applied.
transfer of magnetic energy between the molecules and the The effect can be attributed to the bulk of water, probably
magnetic field. As water is an essential material in the liv- because of the modified water structure. Nevertheless, the
ing body, the understanding of the behaviour of water under experiments reported so far have been primarily qualitative
magnetic fields provided information to discuss the effects and the effect of a magnetic field on complexation of crown
of magnetic field on living systems. The so called (Moses) ethers with metal ions are of interest, because crown ethers
effect, can be explained by the diamagnetic property of wa- are models for antibiotics and some other drugs treatment
ter. Since water is diamagnetic, when a magnetic force act-in biological systemg$15].
ing on water reaches a high enough value, it presses back
the water.
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