D.C. Conduction Phenomenon of Some Rhodanine Azo Complexes
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The electrical behaviour of 5-(4-R-phenylazo)-3-phenyl-2-thioxothiazolidin-4-one compounds and
their complexes with Co?*, Cu®", and UO%7L was investigated in the temperature range 300—450 K.
The conductivities were found to depend on the structure of the compounds and the metal ions.
Both the structures of the azo and the complexation process play an effective role in the conduction
process. The activation energy, AFE, increases by decreasing the conductivity of the complexes.

The synthesis and properties of azo compounds
and their metal complexes have been investigated ear-
lier [1—6]. Complex formation of many organic com-
pounds plays an important role in the field of conduc-
tion. An increase in the conductivity values is observed
when metal ions are incorporated into the 7 electron
delocalization of the organic compound [7]. However,
a reduction of conductivity is noted if a localized bond
between metal ions and organic compound is created.

In continuation of the studies of the physicochem-
ical properties of the complexes it seemed to be
of interest to prepare 5-(4-R-phenylazo)-3-phenyl-2-
thioxothiazolidin-4-ones and their complexes to eval-
uate their electrical conductivities.

The conductance of a solution at any temperature
depends on the ions present and on their concentra-
tion. As a result of the complex formation ions of dif-
ferent mobility appear in the solution. Depending on
the nature of these ions, an increase or decrease in the
conductance occurs [8]. Thus, to show the various pos-
sibilities of stoichiometric ratios of complex formation,
the addition of ligands to different aqueous solutions
containing transition ions was followed conductomet-
rically.

The complex formation can be followed by study-
ing the relationship between the conductance and the
volume of the metal ion solution added. The result-
ing curves characterized by some breaks indicate the
presence of different complex species and denote their
compositions.

The conductometric titration curves of ligands
with Co?t, Cu?t, and UOZ" ions indicate the proba-
ble formation of MR = 1:2 (MR = n(M):n(L)) com-
plexes in solution at low concentration of metal ions
and MR = 1:1 complexes at relatively high concentra-

tion of the metal ions. The common behaviour is the
increase of the conductance of the solution with the
increase of the volume of the titrant. This behaviour
can be explained by factors giving the change in con-
ductance:

1. The increase of the volume of the metal ions in
chelate formation, which is accompanied by the de-
crease in the value of diffusion coefficient of the parti-
cle. The diffusion coefficient is related to the volume
of diffusing particle by the Stocks—Emistein equation

D, = K (Va)'/3n

where Dy, is the diffusion coefficient of the conductivity
species, Vy, is the molar volume and 7 is the viscosity
of the medium.

2. The lowering of the change on the metal ion
through covalent bonds formation with the ligand.

3. The replacement of the anions by the ligand as
shown below

M-X+Re (M-R)T+X-

The 1. and 2. factors lead to lowering of the conduc-
tion while the 3. favours increasing the ionic conduc-
tivity. Accordingly, the net effect will be the resultant
of all these factors depending on the nature of metal
ion and the medium.

To identify the structure of complexes, their in-
frared spectra were measured and compared with the
ligand. The main characteristic features of the IR
spectra reported are as follows:

1. A strong and broad band at 3440 cm~!, as-
signed to coordinated water molecules, is observed in
the spectra of complexes.
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Fig. 1. Arrhenius plot between reciprocal temperature and
conductivities for R? and its complexes.
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Fig. 2. Arrhenius plot between reciprocal temperature and
conductivities for R? and its complexes.
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Fig. 3. Arrhenius plot between reciprocal temperature and
conductivities for R! and its complexes.

2. A weak band at 3400 cm~! (OH) disappears
upon complexing with metal ions. On the other side,
another weak band at 3200 cm~! (NH) is shifted after
complexation suggesting that the complexation takes
place through the nitrogen atom of azo dye moiety.
This is supported by the appearance of a new band of
M—N and M—O [1—3].

One of the main characteristics of solid organic
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Fig. 4. Arrhenius plot between reciprocal temperature and
conductivities for R* and its complexes.

A aa s s o4 oaoa -

T I | T | I I
2|.5 26 27 28 29 30 31 32 33 34
10°T1K™”

Fig. 5. Arrhenius plot between reciprocal temperature and
conductivities for R? and its complexes.

compounds is their electrical conductivity. Almost all
conductivity measurements, as shown in Figs. 1—5,
specify a relation between In o and 1/7 of the straight
line form

Ino = f(1/T)

These plots are characterized by the following
facts:

i) All prepared complexes have low conductivities
(Table 1). Studies have suggested that the low con-
ductivity of the complexes is due to the presence of
only a small number of free charge carriers that have a
small mobility [9]. On the other hand, the complexes
could provide a convenient route for the conduction
of the charge carriers through chemical bonds rather
than tunnelling or charge transfer between molecu-
lar species that are not directly bonded [10]. In gen-
eral, a lower conductivity weakens the conjugation in
the chelate rings involved in complex formation. This
could be attributed to packing and reduced conjuga-
tion [11].

ii) It is apparent that comparison of the electri-
cal conductivities for all complexes shows that the
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RHODANINE AZO COMPLEXES

Table 1. Conductivities Data and Dependence of Activation
Energy Values on Temperature

AE/GV U(T:40 oc)
Compound
Temp. region I Temp. region II (Qm)~1t
R3 1.72 1.47 8.1 x 10~8
R3-Cu 0.12 0.12 2.25 x 10~4
R3-UO2 —0.28 —0.63 1.46 x 10~5
R3-Co —0.20 -2.5 2.36 x 10~7
R? 1.53 1.09 8.94 x 10~9
R2-Cu 0.33 0.33 6.57 x 102
R2-UO, —0.38 —0.72 7.2 x 10~
R2-Co —0.095 —0.86 6.58 x 1038
R! 1.85 1.48 9.6 x 109
R!-Cu 0.37 0.25 1.23 x 104
RI-UO2 —0.43 —0.37 1.73 x 10=°
R!-Co —0.37 -1.6 5.3 x 107
R* 1.42 1.93 7.58 x 10~10
R*-Cu 0.4 0.32 9.7 x 10—6
R*-UO2 +0.30 +0.30 3.37 x 106
R%*-Co —1.02 —0.42 1.8 x 108
R® 0.57 2.99 3.1 x 10~10
R%-Cu 0.3 0.3 3.7 x 1073
R3-UO2 +0.001 —0.60 2.6 x 107
R%-Co —0.6 —0.10 8.1 x 10~ 11

adding of metal covers an extensive range of conduc-
tivity changes in material matrix. For the cobalt and
UO3" complexes of such series characterized in the
low temperature region between 308 and 343 K the
D.C. electrical conductivities are higher than that of
the free ligand. On the other hand, in the high temper-
ature region between 343 and 493 K, the D.C. electri-
cal conductivities are lower than those of the free lig-
ands. For the copper complex of such series over the
same regions the D.C. electrical conductivity is higher
than that of the pure ligand for both low and high
temperature regions. In other words, the complexes
are interaction of the metal orbitals with the ligands
to give new molecular orbitals, which are delocalized
over the whole molecular complex. It is known that
the complexation of organic compounds with transi-
tion metals leads to an overlap between d orbitals of
the metal and 7 orbitals of the ligands thereby ex-
tending electron delocalization.

iii) An abrupt change is observed at a critical tem-
perature T, in the temperature interval between 333
and 360 K, corresponding to the glass transition tem-
perature. Glass transition temperature usually is iden-
tified by the onset of diffusional motion of large chain
segments [12]. The variation of D.C. electrical con-
ductivity with temperature correlated with the mech-
anism of the processes of conduction. The degree of
chemical short-range order in the material initially in-
creases with the increase of the temperature by high
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rate due to the growth of small crystallins, and then
increases with lower rate with further increase of tem-
perature due to the short thermal degradation of the
material.

iv) At room temperature, the measured electrical
conductivity of the various rhodanine azo dyes de-
creases in the order x (R?) < r (R?) <k (R!) <k (R?)
< k& (R*) (Table 1). This behaviour can be attributed
to the resonance effects of the various substituents of
azo dye compounds studied. In 5-(4-R-phenylazo)-3-
phenyl-2-thioxothiazolidin-4-one, there are R!, R? at-
tached directly to the azo group leading to a high de-
gree of conjugation. But in the R® and R* a strong
electron-withdrawing group is attached to the azo
group, making delocalization difficult, where the pres-
ence of nitro and/or chloro groups inhibits delocaliza-
tion sterically. In other words, the electrical conduc-
tivity of the various substituents in ligands depends
mainly on their degree of conjugation. On the other
hand, the conductivity of complexes follows the order
k (Co*t) < k (Cu*t) < K (UO3Y). This trend de-
pends heavily on the increasing stability of the com-
plexes formed, which increases the number of dislo-
cated electrons.

In such conduction mechanism, the apparent ac-
tivation energies values were obtained from the slope
of the Arrhenius plots. The observed conductivities
and activation energies can be related to the struc-
tures of the complexes as shown in Table 1. For ex-
ample, in case of R3, R!, and R?, AE decreases with
increasing temperature because the kinetic energy of
material chains is sufficiently high to overcome in-
termolecular association and thus facilitate internal
rotation and chain flexibility. In case of R® and R?,
AF increases with increasing temperature because of
the change of conduction mechanism. In the low tem-
perature region the conduction has been attributed
to process like electron hopping. In the high tem-
perature region the conduction has been attributed
to the breaking of formation of chains. In general,
the electrical conduction of a solid organic compound
takes place through the movement of charge carri-
ers from one molecule to the other, i.e. the conduc-
tion takes place through the overlapping of molecu-
lar orbitals of neighbouring molecules. Thus, it is ex-
pected that the conductance is proportional to the
degree of conjugation and coplanarity of substituents.
In other words, the conductivities of the halogeno
complexes could be compared with each other and
with those of their ligands. It is apparent that as the
electronegativity increases, the activation energy de-
creases. For the cobalt and copper complexes of such
series of ligands, a remarkable effect was observed.
For the same stoichiometry, for any complex in se-
ries, as the atomic number increases the activation
energy decreases. This indicates that the presence of
holes in the system has a little effect on the mobility
of charges.
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EXPERIMENTAL

The compounds used in the present study and also
their complexes with Co?*, Cu?t, and UO3" were pre-
pared and characterized according to Refs. [1—6].

5-(4-R-phenylazo)-3-phenyl-2-thioxothiazolidin-4-one (R')

R! R? R® R* R°®
R OCH3; CHs; H Cl NO.

Conduction measurements were carried out using
YSI model 32X conductivity meter. All measurements
were performed at room temperature ((25 + 0.5) °C).

The D.C. electrical conduction of the samples was
obtained by measuring the resistance of the samples
with a type 617 programmable electrometer (Keithly),
using the constant current method or V/I method.
Such an arrangement can be used for a resistance as
low as 0.1 k2 and as high as 200 GQ2 with the accu-
racy + 0.2 %. The electrical conduction of the sam-
ples was determined using compressed pellets, 14 mm
in diameter and 1 mm thick, prepared with the pres-
sure of 107 Pa. The pellet was covered on both sides
with a thin layer of a silver paint for conductivity and
was mounted between nickel electrodes in a holder.
The holder was suspended in a glass jacket, basically
similar as described by Jacobs [13]. The cell with the
sample was connected to a high vacuum line and out-
gassed for 24 h to ensure a complete removal of water.
The temperature of the sample was measured with the
accuracy * 1°C with a calibrated Ni-NiCr thermocou-
ple inserted inside the cell. The electrical conductiv-
ity ¢ was dependent on the direction of temperature
change. The values of activation energies AFE were cal-
culated from the experimental data of conductance by
computer least squares fitting to the equation

o = gge AE/KT

where AF is the activation energy, k is the Boltzmann

constant, T is the absolute temperature. o, is the con-
ductivity as defined by 0, = 07— -
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CONCLUSION

The electrical conductivity of the 5-(4-R-phenyl-
az0)-3-phenyl-2-thioxothiazolidin-4-one  compounds
and their complexes with Co?*, Cu®*, and UO3" is
thermally activated depending on the nature of the
complexes. For the cobalt and UO%Jr complexes of
such series characterized, in the low temperature re-
gion between 308 and 343 K, the D.C. electrical con-
ductivities are higher than that of the free ligand. On
the other hand, in the high temperature region be-
tween 343 and 493 K, the D.C. electrical conductivities
are lower than those of the free ligands. For the copper
complex of such series over the same regions the D.C.
electrical conductivity is higher than that of the pure
ligand for both low and high temperature regions. The
conductivity of complexes follows the order x (Co?")
< k (Cu?t) < k (UO2Y). This trend depends heavily
on the increasing stability of the complexes formed,
which increases the number of dislocated electrons.
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