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Summary: In this paper, the effect of magnetized water on the stability constant Kst, oscillation
strength f, molar extinction coefficient εmax and Gibbs free energy ΔG for complexes was
investigated. Complexes of Eriochrome black T (EBT) as a ligand with Ca 2+, Mn2+, and Zn2+ ions
were prepared for this purpos. The stability constant values of the complexes found to be decreased
by using magnetic water in their preparation except for EBT-Ca complex. Both Ca2+ and Mn2+ ions
showed deviation from Irving-Williams order. The oscillation strength shows the type of spectrum
is absorption spectrum for all complexes and in both in magnetized and non-magnetized water. εmax
found to be increased by using magnetized water over than non-magnetized water. The stability
constants for the complexes calculate analytically by applying jobs method and Yoe and Jones
method.
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Introduction
Water can be classified as one of the most
important and common materials in the earth because
of the living of all organisms dependent on the
existence of water. The growth and developments of
human beings in agriculture and industrial beside the
growth of animals and plants lead to increase the
demand for water. So it's very important to study the
properties of water and important to know most of
these properties can be changed under the influence
of magnetic field, besides we cannot know the
molecular structure of water under the affected rules
of the magnetic field [1-9]. The water which is
exposed to magnetic field calls magnetized water this
type of water can be obtained by exposing the water
to the magnetic field to influence some of the
chemical and physical interchanging in water. This
process is low cost, doesn't require energy and
environmental friendly. Recently magnetized water
used in agriculture, medicine, environmental and
medicine fields [10-12]. Many studies since 1980
were carried out to understand the effect of the
external magnetic field on water these studies showed
the properties such as oxygen vaporization rate and
air environment significantly changed under the
effect of the external magnetic field [13]. The size of
water clusters which is one of the liquid water aspects
found to be changed by applying external magnetic
field [14-15]. The dissolution rate of some materials
like copper sulphate and oxygen in water found to be
accelerating by applying magnetic field [16-17].
Water Refractive index found to be increased
approximately by %0.1 according to Hosoda et
al.,measurements at atmospheric pressure and under
influence of magnetic field up to 10 T which
indicates increase the stability of hydrogen bonding
*
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[18]. Promoting of hydrogen bonding also confirmed
by Inaba et al.,[19].Dissolving rate of minerals and
acids can be increased by applying magnetic field
[20].the presence of external magnetic field leads to
rearranging the angle between hydrogen and oxygen
in the molecule of water which is reduced from
104.45◦ to 103◦ [21]. Strong magnetic field 1-10 T
lead to some disturbance to hydrogen bonding and
promote mobility of salt [22]. Evaporation rate
showed the increase in low magnetic field 15 mT
[23]. The melting point of water raised 5.6mK at 6
Tand for heavy water raised to 21.8mK at 6T [19],
while the transition of sol-gel lowering at 0.3T and
3C◦ in methylcellulose [24]. The order structure of
water around the colloids molecule and hydrophobic
and the fluorescence of probes dissolved in water
found to be increased in a static magnetic field [2526]. Infrared spectrum found to be changed in a static
magnetic field due to the effected of water cluster and
this effected remain for the period time even after
removing the external magnetic field [27]. Gases
solubility in seawater increased even in small
magnetic field 20-50 µT [28]. Some reactions
dependent proton transition may be accelerating
because of increasing proton spin relaxation under
the effect of the magnetic field [29]. Magnetic water
prevents the absorption of harmful metals such as
nickel and lead by roots beside the uptake percentage
of nutrient elements such as potassium, zinc, and
phosphorus are increased [30].to enhance the plants
yield its recommended to irrigation the plants by
magnetized water because it will increase water
efficiency and productivity [31-32]. Germination
speed is increased by irrigation with magnetized
water [33]. Eriochrome black T (EBT) Fig -1 of the
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IUPAC name is 1-[1-hydroxy- 2-naphthol azo]-6nitro -2-Naphthol- 4-sulphonic acid sodium salt is an
anionic organic compound possess molecular formula
C20H12N3NaO7S and molecular weight 461.38
gm/mol. This compound was used as an indicator and
to make a complex with different metal ions. The aim
of this paper is to study the effect of magnetic field
on the stability constants for complexes formed
between EBT and different metal ions by using
normal and magnetized water under the same
conditions.

respectively. The pH of the buffer was adjusted to be
10 by using ammonium chloride and ammonium
hydroxide [34]. Two sets of working solutions were
prepared first one in molar ratio of 1:1:1 by mixing
1ml of EBT, pH solution and metal ion respectively
the second one was prepared in molar ratio of 1:1:3
by mixing 1ml of EBT, 1ml of pH solution and 3ml
of metal ion respectively. The volumes of the
solutions were completed to 50 ml by using nonmagnetized water. The absorbance of the solution
was recorded after 30 min to achieve maximum
absorption Amax at λ max (Table-1) for the complex in
non-magnetized water [35]. Magnetized water was
prepared by passing the water through a magnetic
ring type CMS WTS-100 with intensity of 4800
gauss for 1 hour and flow rate of 20 ml/s the same
procedure for the preparation of working solutions by
using non-magnetized water were repeated the same
process and then diluting the solution with
magnetized water instead of non-magnetized water.
The values of Amax were recorded to be compared
Results and Discusion

Fig. 1: Structure of Eriochrome black T (EBT).

Electronic Spectra

Experimental
Instruments & Chemicals
Electronic Spectra of the EBT-M complexes
were recorded by U.V – visible Spectrophotometer
(Shimadzu U.V-1800 Double puma). Magnetized
water was prepared by using a magnetic ring type
CMS WTS-100 with the intensity of 4800 gauss.
Beckman Zeromatic RSS-3 pH meter used for
adjusting the pH of solutions. All chemicals were
collected from Merck and Fluka companies.
Preparation of Solutions of EBT-M Complexes
Solutions of concentration 10-3 mol/L were
prepared for EBT, Ca2+, Mn2+ and Zn2+ ions

The electronic absorption spectra of the
EBT-M complexes were recorded at room
temperature using magnetized and non- magnetized
water as a solvent. The absorption bands with their
transition are listed in Table -1 and their spectra are
shown in Fig 2. EBT-Ca, EBT-Mn, and EBT-Zn
complexes showed absorption bands corresponding
to charge transfer bands (C.T) L → M and intraligand
filed due to bathochromic shift [36-37].
The
electronic spectrum of the EBT-Mn complex shows
two absorption bands at the region (1620 - 17241)
cm-1 and (29551 - 32680) cm-1 which are assigned to
6
A1g 4T1g (p) and 6A1g 4T1g (G) respectively
[38].

Table-1: Electronic spectrum and electron transitions for EBT-M complexes in magnetized and nonmagnetized water.
Symbol
of complex

EBT-Ca

(198)
(297)
(340)
(555)

Maximum absorption
In ratio 1:1:1
(λmax nm); υ max cm-1
H2O
H2O Mag.
50505
…..
33670
…..
29412
(427) 23419
18018
(552) 18116

Maximum absorption
In ratio 1:1:3
(λmax nm); υ max cm -1
H2O
H2O Mag.
….
……
…..
……
(340) 29412
(343) 29155
(553) 18083
(553) 18083

Band assignment

*
(Intraligand)
L M

(C.T)

EBT-Mn

(197) 50761
(335) 29851
(612) 16340

……
……
(606) 16501

……
(306) 32680
(580) 17241

……
……
(615) 16260

* (Intraligand)
6
A1g  4T1g (G)
6
A1g  4T1g (p)

EBT-Zn

(294) 34014
(343) 29155
(558) 17921

……
(344) 29070
(560) 17857

……
(344) 29070
(560) 17857

(293) 34130
(344) 29070
(560) 17857

*
(Intraligand)
L M (C.T)

*H2O = non-magnetized water; H2O Mag. = magnetized water
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Fig. 2: Electronic spectra of EBT-M complexes for Ca2+, Mn2+ and Zn2+ ions in magnetized and nonmagnetized water.
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There values of Aα, Aₒ, Amax and α
calculated to the same way in jobs method and the
value of stability constant can be calculated by using
equation (1). The values of stability constant at the
non-magnetized and magnetized water where
calculated as shown in the Table-2.

Stability Constant of EBT-M Complexes
The complex reactions follow the equation
mM + nLу
mαC

nαC

MmLn
(1-α)C

where M and L are the metal ion and ligand
respectively while, m and n represent the number of
moles of metal and ligand, α represent a degree of
dissociation and C represents the concentration of
solutions. As long as the values of C, m and n are
known then we can calculate the stability constant
(Kst) for the complex by using the equation (1).
Kst = (1-α) /mm .nn. (α)m+n .(C)m+n-1

(1)

There are two methods to calculate the value
of a degree of dissociation jobs method and Yoe and
Jones method.
Fig. 3: Absorbance vs ligand mole fraction.

Jobs method
In this method Fig 3 the absorbance was
plotted versus the ligand mole fraction (X) = CL/CM
+CL. The stoichiometric mole fraction (SMF) can be
calculated from the curve at maximum absorbance.
Xmax = SMF = n/n+m. the curve in the plotting
indicates that the complex is in the dissociation state.
The value of α can be estimated from the absorbance
as below
Aα = Aₒ -Amax

(2)

where Amax represent the maximum value of complex
absorbance, Aₒ it’s the absorbance refers to the
intercept of expanded lines attached to the curve and
Aα represent the absorbance value at partial
dissociation of the complex from the known Aα
value we can calculate α by using the equation
α = Aα/ε. C. b

(3)

where ε represent extinction coefficient, C is the
concentration of the complex and b the thickness of
the absorbance cell. By applying the values of α in
equation (1) the stability constant can be calculated.
Yoe and Jones method
In this method Fig 4 the absorbance was
plotted versus the ligand mole ratio (r) = CL/Ca

Fig. 4: Absorbance vs ligand mole ratio.
When electromagnetic radiation interacts
with atom or molecule three processes can be occurs
first one according to classical oscillating for charge
distribution
the
atoms
emitting
radiation
spontaneously this can be occur only if the atoms
were in state with higher energy, the second process
occur when the atom or molecule absorbs radiation
with energy enough to transfer to higher energy state
and the third process may occur due to emission of
photons under the effect of radiation field this
process is called stimulated emission. The intensity
of transition between two states (a and b) can be
characterized by oscillating strength if the oscillating
strength fba> 0 then the process is absorption, while if
fba<0 the process is emission [35]. The transition
oscillation strength f which can be defined as the ratio
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of polarization of molecule or atom to the
polarization of electron in the vacuum was calculated
for all metal-complex according to the equation.
f=6.78* 10-9 * εmax *υ

function [36]. Standard Gibbs free energy ΔG for all
complexes was possessed negative charge that
indicates the reaction is endothermic in both normal
and magnetized water.

(4)
Conclusion

Where εmax is the molar extinction
coefficient (mol-1.L.cm-1) and υ is full width at half
maximum FWHM (cm-1). These values were
calculated for both magnetic and non-magnetized
water Table-1. Standard Gibbs free energy ΔG
(kj/mol) for normal and magnetized water where
calculated through the equation
ΔG = -R T lnK

(5)

From the data (Table-2) we can see the
value of stability constant for all of EBT –M
complexes increase in non-magnetized water as the
atomic number increase, for EBT- Ca complex
according to Jeffery et al.,the color of Ca complexes
is due to charge transfer from ligand to metals and
these complexes are relatively unstable in aqueous
solutions [30], also according to Irving-Williams
order the stability constant systematically decrease as
the atomic number is increase except for Cu2+ (due to
jahn teller effect) also the effect of ligand field for
transition metals. The Irving-Williams series for M+2
ions can represent as.
Ba2+ < Sr2+ < Ca2+ <Mg
Ni2+ < Cu2+ > Zn2+

2+

< Mn2+ < Fe2+ < Co2+ <

The values for stability constants for EBT-M
complexes by using magnetized water show decrease
compared with the corresponding complexes in nonmagnetized water except for EBT- Ca complex. This
decrease may be due to the fact that presence of static
applied magnetic field can reduce mobility of the
solvent also the effective interaction increase which
leads to decrease of diffusivity and the solvent
become block diffusion of solute molecules, besides
the magnetic field reduce the volume of solvent and
increase vdW interaction and hydrogen bond strength
this lead to change in solvents radial distribution

The stability constants for the EBT complex
with Ca2+, Mn2+ and Zn2+ ions when prepared in a
non-magnetized water solution were found to be
decreased as the radii of an ion decreased, these
results are in agreement with Irving-Williams order,
while the stability constants values showed a
decrease when the complexes were prepared in
magnetized water except for the Ca complex. The Ca
complex showed stability in a magnetic water
solution versus an unmagnified water solution.This
effect may it happen due to the influence of magnetic
field on the properties of water such as increasing the
effective interaction that will lead to decrease the
diffusion of the solute molecule in the solvent [36].
EBT-Ca and EBT-Mn complexes show deviation
from Irving-Williams order in magnetized water
where the stability constant for both ions show more
stability in accordance with and Zn2+ ions which
possess larger radii than Ca2+ and Mn2+
respectively[37]. This may be due to The stability of
EBT-Zn complex found to be decreased in
magnetized water over than non-magnetized water
because the large size of Zn ion in compare with
decreasing size of the complex due to increasing of
hydrogen bonds therefor, the ratio of ion to molecules
become larger and the stability becomes less. For the
same reason, the stability constants for the other ions
found to be inversely proportional to the size of a
metal ion. Gibbs free energy values are proportional
to stability constants and possess negative charge for
all complexes this indicates the reaction is
endothermic. The oscillating strength characterized
the transition intensity between two states oscillating
strength fba> 0 then the process is absorption, while
if fba<0 the process is emission, so the processes for
all complexes in both magnetized and unmagnified
water are absorption.

Table-2: Effect of magnetic field on the values of stability constant, molar coefficient, FWHM, oscillation
strength and Gibbs free energy for EBT- M complexes.
Symbol of complex

logKst
H2O

EBT-Ca
EBT-Mn
EBT-Zn

4.70
5.80
6.80

Log K st
H2O
Mag
6.23
5.47
5.30

εmax.
mol-1.L.cm-1
H2O
241.5
110.7
203.3

εmax.
mol-1.L. cm-1
H2O Mag.
245.6
116.0
229.0

*H2O = non-magnetized water; H2O Mag. = magnetized water

υcm-1 H2O
10435000
105870
92330

υcm-1
H2O
Mag.
91130
77140
93980

f
H2O
0.17
0.08
0.13

f
H2O
Mag.
0.15
0.06
0.15

ΔG
KJ/mol
H2O
-26.80
-33.09
38.80-

ΔG
KJ/mol
H2OMag.
-35.50
-31.02
30.24-
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