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Abstract

The values of the dielectric constant (g), the loss tangent (tan ) and the electrical conductivity (o) for solutions of ligands barbituric acid(BA),5-nitrobarbituric
acid(NBA) in 50%(v/v) MeOH-water also the ligands phenobarbital(PB) and thiouracil(TU) in 50%(v/v) dioxane —water, all at 25°C, in most cases, are decreased
by decreasing the concentration. The In &-T relationship for solutions of ligands and their complexes pointed to an increase of dielectric constant values with
temperature. The presence of hydrogen bonding referred to cooperative reinforcement of dipole fields. NBA has a higher dielectric constant value than BA due to the
presence of the electron withdrawing nitro group with large orientational polarization. PB has a lower dielectric constant value than TU since & decreases as the steric
hindrance effect increases. For the complexes, the dielectric constant (g) values, are higher than that for the ligands. As the atomic number of the metal increases,
the dielectric constant (g) and the loss tangent (tan 3) are mostly decreased to block the charge distribution. The derived values of electrical conductivity that derived
from £ and tan 3 data are regularly decreased and the activation energy (AE) of the complexes decreased in an irregular trend. The loss tangent (tan 8) increases by
increasing the temperature due to a decrease in viscosity, which exerts an increase of the dipole rotation and the polarization of the material. The molar conductance
A, for the electrolytic solutions of BA, NBA, PB and TU at 25°C are increased by decreasing the concentration. The BA, PB and TU ligands are of weak electrolytic
nature, while NBA is of strong electrolytic behavior. However, the A values for solutions of ligands and their complexes are increased by increasing both temperature

and dielectric constant due to the increase of the ionic mobility.

Introduction

The principle difference in the dielectric behavior of liquids and
solids from the restriction of orientation of polar molecules usually
caused in the solid state by lattice forces [1]. This restriction normally
reduces or eliminates the orientation polarization and consequently,
reduces the dielectric constant. In some liquids, dipolar molecules
have been found to possess dielectric constants comparable to those
in the solid state in which the molecules have sufficient orientational
freedom. The relaxation time is interpreted as the average time which a
molecule spends in one of the equilibrium position before jumping to
the other one. This relaxation is exponential depends on temperature
as well as the activation energy. For electrolytes and liquids of good
electrical conductivity, the characteristic parameter is the variation of
the conductivity with the change of the composition of the solution.
The dielectric conductivity sums overall dissipative effects, which may
represent the conductivity caused by migrating charge carrier and
related to an energy [2] loss associated with a frequency dependence
of dielectric. The electrolytic conductors have a transfer of material
associated with the passage of an electric current in the solution. In
this field, Masoud et al. [3-10] published a series of papers. The aim
of this work to join all of the above parameters for the former ligands
when associated with some metals to form complexes at different
temperatures.

Experimental

Dielectric and electrical conductivity measurements

The UNIVERSAL DIELECTROMETER instrument (Type OH
301 [Hungary]) was used to measure dielectric constant (¢) and loss
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tangent (tan §) for the different solutions of ligands BA NBA, and their
complexes of metal ions (Fe**, Co**, Cu**and Zn**). Ligands dissolved
in 50% v/v MeOH-water or also the ligands PB and TU were dissolved
in 50%v/v dioxane-water media. The measurement were carried out
at a frequency of 3 MHz and at temperature range (25-50°C). The
temperature was controlled by a thermostat to + 0.5°C.

The measuring capacitance C, of the cell was calculated from the
relation [11]:
— C; _Cs
T oe-l

C,: The capacitance of empty measuring cell.

C 1)

C,: The capacitance of measuring cell filled with the calibrating
liquid (50% (v/v) dioxane-water and 50% (v/v) MeOH-water, where €
is the dielectric constant of the calibrating liquid. The stray capacitance
C, was calculated from the relation:

C,=C,-C, 2)

The glass tap was opened (after calibration) to drain the liquid from
the cell. The cell was removed from the apparatus, then cleaned and
dried thoroughly.
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The dielectric constant of the solution to be measured was
calculated from the relationship [11]:
.G
Cl
C;’: Overall capacitance of the cell filled with the test solution.

3)

The loss tangent of the test solution was calculated from the relation [11]:

306G 1o+ (4)
c

where: C(pF) = C} - C,

G(pS) =G, -G,

tano =

G,: Conductance of the empty cell. G,: Conductance of the cell
filled with the test solution.

Molar conductance A measurements

The conductivity of different concentrations of different ligands
and metal complexes at different temperatures (25-45°C) were carried
out with Jenway 4010 conductivity meter instrument. The conductivity
cell consists of a 150-ml water-jacketed vessel fit with a polyethylene
stopper in which appropriately located hole was used to insert a
conductivity meter electrode (cell constant K = 0.99 cm™ at 25°C), the
molar conductances were calculated. The solution in the conductivity
cell had the desired temperature control by using a thermostatic
Techne model U10.

Results and discussion

The ligands under investigation are considered to be shown as in
the Figure 1.

The dielectric constant is expressed as [11]:
C

e=—01 &)
CO

C: The capacitance of a capacitor in which a dielectric material is

inserted.
C,: The capacitance of a capacitor in a vacuum.

Changes of quality and composition of the dielectric material cause
the dielectric constant to vary. The variations may be measured through
the variation of the capacitance of the capacitor. For the characteristics
of a capacitor it’s connected to an alternating current circuit between
whose plates there is a vacuum (loss free capacitor). A phase shift 6
= 90° will be produced between current and voltage. The capacitor
behaves like a reactive resistance (reactance) in which no energy loss
can occur.

From the relationship of alternating currents, the output is zero in
case of 8 = 90°.

W=1IxVxcosb (6)

Where W is the heat developed per second in unit cube of the
material, I is the current density and V is the voltage gradient.

If air is removed from the capacitor and a dielectric is inserted
between the plates, the capacitor becomes lossy which may be
considered as one with a resistor connected in series with it. Therefore,
the phase shift between voltage and current becomes less than 90°. The
capacitor takes up energy from the circuit, the energy is transformed
into heat and a dielectric heat loss is produced. This is usually indicated
as the tangent of the complement of the angle of the phase shift (0),
termed loss tangent (tan §), which could be determined from the
relationship [12]:
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tan 8 =

™)
u xC
where G = loss conductance, w = angular frequency and C =
capacitance.

Besides ¢, tan § is another useful electro-physical constant which
gives information on the composition of a material sometimes even
more reliable than that derived from the dielectric constant. The
dielectric constant (¢) and loss tangent (tan §) depend on many
factors [13] such as the frequency of the applied voltage, temperature,
concentration, etc.

In most cases both factors are decreased by decreasing the
concentration. The change of & with temperature for the organic
solvents can be expressed by the equation [14]:

e=ae®l (8)

where a and b are empirical constants, and T is the absolute
temperature. This equation has been tested using a number of series
of ligands and their complexes solutions. The values of € and tan § for
solutions of ligands and their complexes at different temperatures (25-
50°C) are given in Table 1. The dielectric constant increases mainly
with increasing temperature due to the presence of hydrogen bonding
which pointed to cooperative reinforcement of dipole fields [15]

NBA has a higher dielectric constant than BA due to the presence
of the electron withdrawing nitro group where large orientational
polarization is resulted with the existence of a chain type of association
and the presence of molecular units of large dipole moments. PB has a
lower dielectric constant than TU since € decreases as steric hindrance
effect increases. For the complexes, the dielectric constant (g) is higher
than that for the ligands, also, as the atomic number of the metal
increases, the dielectric constant (¢) and the loss tangent (tan §) are
mostly decreased to block the charge distribution.

The dielectric constants and the loss tangents of some ligands and
their complex solutions are high that the dielectrometer equipment
can’t measure them satisfactorily due to the higher polarizability
(Table 1). The loss tangent (tan §) values increase by increasing the
temperature due to a decrease in viscosity, which exerts an increase of
the dipole rotation and the polarization of the material. The dielectric
material usually contains traces of charges as impurities, where the
activity increased by increasing the temperature.

The electrical conductivity o (! cm™) is given by [16]:
_dxtand xf
1.8 x 10"

where ¢ is the dielectric constant, tan § is the loss tangent, and f is
the frequency of the instrument (3 x 10° Hz).

©

The dielectric conductivity sums overall dissipative effects, which
may represent the conductivity caused by migrating charge carriers
and related to an energy loss associated with a frequency dependence
of €. The values of electrical conductivity (o) for solutions of 10 M-
ligands and their complexes at different temperatures (25-50°C) are
given in Table 2.

The electrical conductivity of solutions at a given frequency varies
exponentially with the absolute temperature according to the Arrhenius
relation [17]. The values of AE and o, for solutions of 10* M-ligands and
their complexes are given in Table 3. As the atomic number of the metal
increases, the electrical conductivity regularly decreased and the activation
energy (AE) of the complexes decreased in an irregular trend.
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Figure 1. Ligands a) BA (b) NBA (c) PB (d) TU.

Table 1. Values of dielectric constant (¢) and loss tangent (tan 8) for solutions of 10 M—ligands and their complexes at different temperatures (25-50°C) and media.
(a) In 50%(v/v) MeOH-water

Compound Temperature 25°C 30°C 35°C 40°C 45°C 50°C
BA € 60.89 61.04 61.48 62.03 62.36 62.58
tan § 0.26 0.28 0.31 0.33 0.35 0.38
Zn*/BA € 61.59 62.36 63.35 64.34 65.33 66.54
tan & 0.30 0.34 0.37 0.39 0.42 0.44
Cu*/BA € 63.79 65.33 66.43 67.53 68.63 69.73
tan o 0.33 0.37 0.40 0.43
Co?*/BA e 64.56 65.77 66.98 69.18 70.93 72.58
tan o 0.38 0.42
Fe¥'/BA € 82.81 85.56 90.40 94.03 100.62 105.02
NBA € 79.62 83.58 88.31 93.26 98.42 104.03
Zn*/NBA € 81.93 86.11 90.62 95.68 100.95 106.78
Cu*/NBA € 87.43 90.18 95.68 101.17 106.67 110.52
Co*/NBA € 93.81 102.60 111.51 120.97 131.85 144.50
Fe**/NBA € 116.79 128.11 148.46 173.42
b) In 50%(v/v) dioxane-water
Compound Temperature 25°C 30°C 35°C 40°C 45°C 50°C
PB € 37.13 37.49 37.73 38.21 38.33 38.21
tan § 0.086 0.10 0.11 0.12 0.13 0.15
Zn*/PB € 37.49 38.21 38.33 38.57 38.81 38.93
tan & 0.13 0.15 0.17 0.19 0.20 0.20
Cu*/PB € 37.49 37.97 38.45 38.93 40.25 40.85
tan o 0.16 0.18 0.20 0.22 0.25 0.29
Co*/PB € 44.21 44.81 45.53 46.61 47.81 48.41
tan § 0.34 0.36 0.40 0.42 0.44 0.48
Fe¥'/PB € 55.50 58.02 60.78 64.50 68.46 71.82
TU € 46.37 47.69 49.13 51.29 55.50 65.70
tan § 0.46 0.50 0.54 0.59
Zn*/TU € 48.89 51.29 54.05 58.74 63.66 66.90
tan o 0.43 0.48 0.54
Cu**/TU € 57.90 60.30 62.22 65.82 68.22 70.50
Co**/TU € 70.50 75.42 80.22 86.58 92.47 101.59
Fe*'/TU € 74.22 80.10 86.46 95.11 104.23 117.43
Table 2. Values of a.c. electrical conductivity (¢ 10%) (' cm™) for solutions of 10 M—ligands and their complexes at different temperatures (25-50°C).
Compotn dTempe”t“’e 25°C 30°C 35°C 40°C 45°C 50°C
50%(v/v) MeOH-water
BA 2.60 2.82 3.16 343 3.69 3.96
Zn*/BA 3.10 3.52 3.88 4.22 4.58 4.88
Cu?/BA 3.55 3.98 443 4.87
Co*/BA 4.04 4.65
50%(v/v) dioxane-water
PB 0.53 0.61 0.71 0.75 0.81 0.94
Zn*/PB 0.81 0.94 1.10 1.20 1.29 1.31
Cu”'/PB 0.98 1.14 1.26 1.45 1.71 1.96
Co*'/PB 2.49 2.66 3.03 3.27 347 3.85
TU 3.56 4.00 4.41 5.07
Zn*/TU 3.51 4.14 4.83
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Molar conductance A measurements

The electrolytic conductors have a transfer of material associated
with the passage of an electric current in the solution. The molar
conductance A_ (Q'cm?” mol™) is given as follows [18]:

- &¢000

where k is the specific conductance of solution, k (™' cm™) = K/R,
K is the cell constant equals 0.99 cm™ at 25°C, R is the resistance of an
electrolytic solution and c is the molar concentration of solution.

(10)

The molar conductance measurement data for the electrolytic
solutions of BA, NBA, PB and TU at 25°C are plotted against different
concentrations. Figure 2 gave Kolarausch A —C, = relationship
for ligand solutions indicated the presence of two behaviors. The
compounds BA, PB and TU are of weak electrolytic in nature with low
molar conductance until very high dilutions, it increases suddenly. On
the other hand, the NBA exhibits high values of molar conductance
over the whole concentrations range which is considered to have strong
electrolytic nature due to the presence of withdrawing nitro group.

The molar conductance A for the investigated electrolytes
increases by increasing temperature, in accordance with the increase

Table 3. The values of AE and o for solutions of 10~ M—ligands and their complexes.

of ionic mobility where the rule of solvent play an important part in
migration of ions, Table 4.

However, the A - relations for solutions of ligands and their
complexes at different temperatures (25-45°C) are given in Table 5. The
molar conductance A _ of electrolytic solutions mostly increased as the
dielectric constant € of the solutions increased, due to the increase of
the ionic mobility.

Conclusion

The values of ¢, tan §, o for solutions of ligands and their
complexes are increased by increasing temperature. NBA has a higher
dielectric constant value than BA due to the presence of the electron
withdrawing nitro group with large orientational polarization. PB has
a lower dielectric constant value than TU since € decreases as the steric
hindrance effect increases. The BA, PB and TU ligands are of weak
electrolytic nature, while NBA is of strong electrolytic behavior. The
change of medium from 50%(v/v) MeOH-water to 50%(v/v) dioxane-
water showed a remarkable effect in the behavior of ligands and
complex properties.

Compound AE(kJ mol") o,
50% (v/v) MeOH-water

BA 13.6607 0.0065

Zn*/BA 14.4415 0.0108

Cu*/BA 16.3655 0.0263

Co”/BA 21.1829 0.2085

50% (v/v) dioxane-water

PB 17.0156 0.0052

Zn*'/PB 15.8475 0.0051

Cu*'/PB 22.0792 0.0719

Co”/PB 13.9160 0.0068

TU 18.0408 0.0515

Zn*/TU 24.2642 0.6294

Table 4. Molar conductance A data for solutions of 10° M—ligands and their complexes at different temperatures.
Temperature 25°C 35°C 45°C
Compound 10%R 10« A, 10%R 10« A, 10%R 10°k A,

BA 68.0 6.73 67.32 71.7 7.10 70.98 73.1 7.24 72.37
Zn*/BA 87.8 8.69 72.44 89.8 8.89 74.09 93.0 9.21 76.73
Cu*/BA 85.8 8.49 70.79 86.2 8.53 71.12 88.9 8.80 73.34
Co**/BA 94.0 9.31 77.55 96.6 9.56 79.70 100.1 9.91 82.58
Fe*'/BA 125.2 12.39 103.29 132.9 13.16 109.64 136.2 13.48 112.37
NBA 137.6 13.62 136.22 141.0 13.96 139.59 147.5 14.60 146.03
Zn*'/NBA 142.3 14.09 117.40 144.0 14.26 118.80 148.0 14.65 122.10
Cu?/NBA 130.6 12.93 107.75 132.0 13.07 108.90 134.2 13.29 110.72
Co*/NBA 158.3 15.67 130.60 162.4 16.08 133.98 167.0 16.53 137.78
Fe*'/NBA 191.0 18.91 157.58 197.0 19.50 162.53 206.0 20.39 169.95
PB 443 4.39 43.86 47.7 4.72 47.22 50.0 4.95 49.50
Zn*/PB 48.2 4.77 39.77 52.1 5.16 42.98 53.7 5.32 44.30
Cu*'/PB 48.6 4.81 40.10 50.7 5.02 41.83 543 5.38 44.80
Co*/PB 65.4 6.47 53.96 68.6 6.79 56.60 73.0 7.23 60.23
Fe*'/PB 120.8 11.96 99.66 121.6 12.04 100.32 125.2 12.39 103.29
TU 41.4 4.10 40.99 425 421 42.08 455 4.50 45.05
Zn*/TU 44.0 4.36 36.30 46.6 4.61 38.45 51.6 5.11 42.57
Cu*/TU 61.5 6.09 50.74 65.7 6.50 54.20 71.8 7.11 59.24
Co*"/TU 62.5 6.19 51.56 68.2 6.75 56.27 76.1 7.53 62.78
Fe¥'/TU 121.5 12.03 100.24 127.5 12.62 105.19 131.0 12.97 108.08
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Table 5. The values of ¢ and A (€' cm* mol™) for solutions of ligands and their complexes at different temperatures.

000 002 004 006 008 010 012 014 0.16

@

Temperature 25°C 35°C 45°C
Compound € A, € A, € A,
BA 60.82 67.32 61.48 70.98 62.36 72.37
NBA 79.62 136.22 88.31 139.59 98.42 146.03
PB 37.13 43.86 37.73 47.22 38.33 49.50
TU 46.37 40.99 49.13 42.08 55.50 45.05
Zn*/BA 61.59 72.44 63.35 74.09 65.33 76.73
Zn**/NBA 81.93 117.40 90.62 118.80 100.95 122.10
Zn**/PB 37.49 39.77 38.33 42.98 38.81 44.30
Zn*/TU 48.89 36.30 54.05 38.45 63.66 42.57
Cu*/BA 63.79 70.79 66.43 71.12 68.63 73.34
Cu**/NBA 87.43 107.75 95.68 108.90 106.67 110.72
Cu*/PB 37.49 40.10 38.45 41.83 40.25 44.80
Cu*/TU 57.90 50.74 62.22 54.20 68.22 59.24
Co*'/BA 64.56 77.55 66.98 79.70 70.93 82.58
Co*/NBA 93.81 130.60 111.51 133.98 131.85 137.78
Co*'/PB 44.21 53.96 45.53 56.60 47.81 60.23
Co*/TU 70.50 51.56 80.22 56.27 92.47 62.78
Fe*/BA 82.81 103.29 90.40 109.64 100.62 112.37
Fe**/NBA 116.79 157.58 148.46 162.53 169.95
Fe*'/PB 55.50 99.66 60.78 100.32 68.46 103.29
Fe¥/TU 74.22 100.24 86.46 105.19 104.23 108.08
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Figure 2. Molar conductance vs. v/c for (BA, NBA), (PB and TU) at 25°C in (a) 50%(v/v) MeOH-water and (b) 50%(v/v) dioxane-water solutions.
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