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Abstract

Some nitroso and thiobarbiturate complexes were studied under different temperatures
using conductivity, magnetic susceptibility and thermogravimetric techniques. The com-
plexes show semi-conductor behaviour. The energies of activation were calculated and
discussed. The dielectric constants and the dielectric loss values were evaluated. The
superexchange mechanism of the complexes was explained.

INTRODUCTION

The nitroso compounds are biologically active with anti-bacterial and
anti-viral properties [1]. The barbiturate compounds affect motor functions
and the nervous system [2]. The coordination chemistry of the nitroso
[3-15] (I) and the barbiturate [16—25] (II) compounds has been thoroughly
investigated in our laboratory using different physicochemical methods of
analysis. The present study investigates some thermal properties from the
conductivity and magnetic susceptibility measurements of some nitroso and
barbiturate complexes.
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Some physical constants, namely energy of activation (AE), dielectric
constant (&), dielectric loss (tan 8) and Curie-Weiss constants (#), are
evaluated and discussed.

EXPERIMENTAL

The nitroso complexes were prepared by the usual method of nitrosating
the corresponding phenol (p-hydroxybenzoic acid and p-cresol) with
NaNO, and HCl in the presence of the corresponding transition metal salt
(Co(II), Ni(II) and Cu(II)) [26]. The analytical data (Table 1) confirmed the
formation of 1:2 and 1:3 complexes.

The thiobarbiturate and its condensed product with salicylaldehyde,
together with PdCl, and H,PtCl, in ammoniacal alcoholic solution gave
the corresponding complexes. The analytical data (Table 2) indicate their

TABLE 1

Analytical data for nitroso complexes

Complex Stoichiometry Calculated (Found) (%)
N M

Cobalt(4-carboxy-2-nitrosophenol) 1:3 10.6 7.5
(10.5) 7.5)

Nickel(4-carboxy-2-nitrosophenol) 1:3 105 7.5
(10.6) (1.5

Copper{(4-carboxy-2-nitrosophenol) 1:2 16.1 7.1
(16.2) (7.5)

Cobalt(4-methyl-2-nitrosophenol) 1:3 12,6 9.0
(12.6) 8.7

Nickel(4-methyl-2-nitrosophenol) 1:23H,0 15.3 7.3
(15.2) 712

Copper(4-methyl-2-nitrosophenol) 1:34H,0 11.7 7.7
115 .7

TABLE 2

Analytical data for palladium and platinum thiobarbituric acid complexes

Complex Stoichiometry Calculated (Found) (%)

C H N M
Palladium thiobarbituric acid 1:44H,0 25.5 27 14.9 14.1
(25.8) (2.9) (15.2) (13.6)
Palladium salicylidene 1:1.6 H,0 28.6 4.1 6.1 23.1
thiobarbituric acid (28.8) “.n 6.1) (23.4)
Platinum thiobarbituric acid 1:2H,0 199 14 11.6

207 (@5 (@21
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existence in mole ratios of 1:1, 1:2 and 1:4. The azo barbiturate com-
pounds and their complexes were prepared.

The conducting properties were measured by means of an electrometer,
type VA-J-52, and a d.c. source. Compressed pellets of 1 cm? area and
0.2-0.5 cm thickness were moulded at room temperature at a pressure
ranging from 150 to 200 kg cm 2. The system was connected to a vacuum
line and outgassed for 24 h to remove moisture.

Thermogravimetry measurements (TG) were made with a Du Pont 950
thermobalance. 10 mg of the sample was heated at 10°C min~! in a
dynamic nitrogen atmosphere (70 ml min~'). The sample holder was
boat-shaped 10 mm X 5 mm and 2.5 mm deep, and the temperature-mea-
suring thermocouple was placed at a distance of 1 mm from the sample
holder. The initial rate of decomposition was measured using TG at
different intervals. The DTA curves were obtained using a Du Pont 900
instrument with small glass beads as reference. The sample was heated at
10 K min~! from ambient temperature to 500 ° C in a nitrogen flow (80 ml
min ).

The magnetic susceptibility measurements were carried out at different
temperatures using the Gouy method. Diamagnetic corrections were made
using Pascal’s constants. Hg[Co(SCN),] was used as a calibrant.

RESULTS AND DISCUSSION
Electrical conductivity

Figures 1 and 2 show the variation of the logarithmic electrical conduc-
tivity values of two selected compounds (one being an electron donor
—-CH,, and the other an electron-attractor —-COOH) as a function of the
reciprocal absolute temperature. Straight lines were obtained indicating
semiconducting behaviour rather than metallic conductors [19], or that
promotion of electrons from ground to excited states may be necessary
before conduction occurs [19]. The first step in the conduction process is
the excitation of an electron from the uppermost filled orbitals to the
lowest 7 molecular orbital. It is then assumed that the electron tunnels to
the equivalent empty level of the neighbouring molecule in the direction of
the anode, whereas the positive hole moves to a molecule in the opposite
direction towards the cathode. The measurements fit with the relation

o=o0, exp(—AE/2KT)

where o is the specific conductivityy, AE the activation energy, o, a
constant for the conductivity independant of temperature and K the

Boltzman constant. The electrical conductivity data are compiled in Table
3.
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Fig. 1. —Log o versus 1/T relationships for 4-methyl-2-nitrosophenol complexes: (a) Cu;
(b) Ni; () Co.

Insoluble metal chain complexes with interaction between adjacent atoms
in the polymeric structure could supply a convenient route for conduction
by charge carrier. During thermal agitation, an additional increase in
electrical conductivity occurs, probably leading to a discontinuity in the
chemical bonds existing in the samples. The data indicate that the metal
ion forms a bridge between the two ligands, thus facilitating the transfer of
current carriers during measurements leading to an increase in the electri-
cal conductivity with a decrease in the energy of activation, Consistent with
this is the possibility of some degree of delocalization in the excited state,
but little or none can be expected in the ground state. The p-methylnitro-
sophenol complexes possess higher conductivities than those of the p-
carboxy. The conductivity of the copper compounds is higher than those of
the cobalt and nickel compounds over the temperature range studied. The
copper atom contains one more electron than the nickel atom. This
electron will occupy the d,._,. orbital and takes part in inter-metallic
interactions.

Figure 3 gives the electrical conductivity' data of palladium thiobarbituric
acid, platinum thiobarbituric acid and palladium thiobarbituric acid salicyli-

¥
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Fig. 2. ~Log o versus 1/ T relationships for 4-carboxy-2-nitrosophenol complexes: (a) Cu;
(b) Ni; (c) Co.

TABLE 3
Electrical conductivity results for the complexes
Complex AE (eV) log o,
Cobalt(4-methyl-2-nitrosophenol) 1.31 487
Nickel(4-methyl-2-nitrosophenol) 1.40 6.45
Copper(4-methyl-2-nitrosophenol) 1.80 13.45
Cobalt(4-carboxy-2-nitrosophenol) 0.99 1.37
Nickel(4-carboxy-2-nitrosophenol) 1.07 2.84
Copper{(4-carboxy-2-nitrosophenol) 1.24 5.85
Palladium thiobarbituric acid -0.11 -7.44
0.58 0.55
1.06 11.32
Palladium salicylidene thiobarbituric acid -0.18 -9.17
0.34 —2.50
1.01 946
Platinum thiobarbituric acid 0.50 1.34
0.80 6.05

1.72 20.82
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Fig. 3. Electrical conductivity—temperature relationships.

dene complexes. In general all these complexes show three breaks and a
discontinuation in the conductivity curves. This can be ascribed to a
molecular rearrangement or to crystallographic transitions [19]. As the
temperature increases, the conductivity values are increased. There is
considerable similarity between palladium thiobarbituric acid and its con-
densed product but with some varations in the third break of the curve.
The conductivity of the former is higher than that of the latter owing to the
conjugation. The Pt—-SBA complex has a higher conductivity than the
Pd-SBA complex, probably due to the difference in the forces of interac-
tion in both complexes. The lower conductivity weakens the conjugation in
the chelate rings due to its packing property [19] based on the interaction
of the metal orbitals with the organic compound to give new delocalized
molecular orbitals. This is affected by the distortion in the conduction
pathway caused by the lattice imperfection controlled by the movement of
electrons.

For the energy of activation (A E), three values are obtained for each
one of the three complexes where AE, > AE,>AE; and AEp _ggs >
AEpy_spa > AEp,_spa_sa- Empirical equations are correlated between AE
and log o, values for these systems.

Best fit straight lines are obtained, see Fig. 4. Plotting the electric loss
(tan &) versus frequency, Fig. 5 shows that the electric loss is frequency
independent in the first region and increases in the second region. The
log f-log o relation (Fig. 5) shows that as the frequency increases, the
conductivity values increase. The permittivity z-log f relation, Fig. 5, gives
two regions. The dependence of the frequency on the dielectric constant
shows a strong dispersion of permittivity in two regions. In the first region
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Fig. 4. AE versus log o, relationship for palladium and platinum complexes.

£ aw” where w is the angular frequency; in the second region, € a w”
which shows abnormal behaviour.

Thermogravimetric studies
The thermogravimetric analyses of six selected azo complexes are given

in Fig. 6. The Co—-CHO complex with stoichiometry 2:1.4 H,O and
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Fig. 6. Thermogravimetric analyses.

molecular formula Co,C,,H,,N,O,; decomposes as follows. The complex
changes slightly with temperature up to 300 ° C, corresponding to the loss
of one molecule of water. Then there is a sharp decrease in weight giving
different decomposition products. Further decomposition occurs with suc-
cessive increase in temperature (from 380 to 520 ° C) with a slight change in
weight. In this temperature range, two parts of the decomposition curve are
apparent: the first due to elimination of three water molecules, the second
due mainly to the formation of different decomposition products, mostly
Co, NO and N,. At high temperature, the complex rapidly decomposites
with formation of Co,;0, and Co. Therefore, the decomposition fragmenta-
tion is in accordance with the proposed structure of the complex [27] shown
in Scheme 1.

However, the copper complex derived from the hydroxy ligand with the
molecular formula Cu,C,,H(N,O, and stoichiometry 2:1.5 H,O gives
different steps for decomposition as the temperature increases. In the
temperature range 120-350 ° C, two molecules of water in the outer sphere
of the complex are first envolved. On further increase in temperature, the
inner water molecules are lost. According to the loss in weight calculation
at different temperatures, the decomposition products are 9CuO +
2.75C0O, + 9NO, + 7TH,0 + 6N,0O;. This agrees with the proposed struc-
ture shown in Scheme 2 [27].

QH:
e O
CO\“\OHZ
N==N-
k H,0 Hzo-*Cu L N=N-
\c / Hzo l 2 Hy0
0.
HZ’O \‘CU._OHZ

Scheme 1. Scheme 2.
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The data of the cobalt hydroxy complex, with stoichiometry 2:1.6 H,0O,
are very similar to those of the copper hydroxy complex. Two peaks are
obtained: the first rounded and the second sharp. The final decomposition
product is not pure oxide but contains some unoxidised carbonaceous
matter, This slowly oxidises as the temperature increases until pure oxide is
obtained. From the loss-in-weight—-temperature data, the decomposition
products are 3CoO; + NO + NO, + 10H,O + 2NH, + 4.5CO, + 1.5N,.
Therefore, the structure of this complex is similar to the cobalt complex
discussed above [27].

The thermolysis curve of the Co—-NO, complex with stoichiometry 1:1.8
H,O and molecular formula CoC,;H,,N;O,; was investigated. The sol-
vated chelate is stable up to 120 ° C, where it begins to lose water. A break
in the curve at 220 ° C corresponds closely to the normal chelate. Then it
decomposes slowly on further heating without a clear weight loss. The
presence of a number of water molecules gives many different steps. When
the number of water molecules is taken to be 8, the results of the elemental
analyses agree with the theoretical numbers. According to the stereochem-
istry of this complex obtained from electronic spectra and magnetic suscep-
tibility measurements, and from the mode of bonding based on the IR
spectra, the structure is as shown in Scheme 3.

The proposed structure for the cobalt methyl complex [27] is shown in
Scheme 4.

The complex with 3:1.x H,O stoichiometry thermally decomposes in a
similar fashion to the previously discussed complexes. However, the
cobalt—cobalt interaction needs a higher energy for decomposition, which
was not the case for the other complexes due to the presence of the extra
transition element.

Magnetic susceptibility measurements

The magnetic moment values for the nitroso complexes are shown in
Table 4, while those of the azo complexes are collected in Table 5. Wide
changes in these values are obtained for both systems. Low values for the
nitroso complexes of the ordered magnetic moment of Cu(II) (less than 0.5
pg, instead of 1.00 ug expected for g =2) were obtained. This suggests
that the copper ions cannot carry a localized magnetic moment. This is a
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Fig. 7. Magnetic susceptibility data at different temperatures for the nitroso complexes: (1)

copper(4-carboxy-2-nitrosophenol),; (2) copper(4-methyl-2-nitrosophenol), - 4H,0; (3)
nickel(4-methyl-2-nitrosophenol), - 3H,0; (4) nickel(4-carboxy-2-nitrosophenol);.

characteristic feature of the ordering of the 3d-hole of the Cu(II) ions in
the e, and d,._,. orbitals [28]. Very small magnetic moment values for all
the nitroso complexes (0.032-0.06 pp) were obtained, independent of

(1) Co~CHO compiex
(2) Cu-OH ‘compiex
(3) Co-OH compiex _ 75
(4) Co-No, complex
(5} Co-CH; complex

(6} Cu-CH; compiex

Wm0 200 220 240 260 28G 300 320 340 360 380
T°C
Fig. 8. Magnetic susceptibility data for azo complexes at different temperatures.
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temperature. This is accounted for by assuming the existence of polymeric
structures in the solid state via Cu~Cu interaction and may be ascribed to a
super exchange mechanism. The sub-normal values are indicative of some
extended interaction leading to an anti-ferromagnetic exchange property
[14,15]. This is confirmed by calculating the 6 values that lie in the range
50-390, see Table 4 and Fig. 7. However, for the azo complexes the
magnetic moment and the 6 values are very high, see Fig. 8 and Table 5,
compared to the nitroso system (Table 4). Also, the u values decrease with
increasing temperature. It seems that the geometry of these complexes is
probably temperature dependent [19]. Also, at low temperature, the spin
orbital contribution is of major importance in controlling the behaviour of
these complexes. This leads to an increase in the w values and the spin
moment contribution is clearly identified at higher temperatures.
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