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ABSTRACT

The electrical conductivities of a new series of some transition metal complexes of 5-nitro-
and 6-nitrobenzimidazole, L' and L?, respectively, have been investigated as a function of
temperature, anion, metal ion and bulkiness of the imidazoles. The conductivity data
measured in the temperature range 298-388 K were correlated to the geometrical change.
Empirical equations have been constructed to correlate the variation of the activation energy,
AE (eV), with log a,.

INTRODUCTION

Imidazoles have attracted much interest and are of considerable impor-
tance as versatile ligands. This is due to their anti-microbial activity [1] and
their radiotherapeutic properties [2]. These compounds have been found to
be important in biological activities, for example, in the histidyl residue of
proteins and as potential fungicides [3-6]. Electrical conductivity is an
important physical property of solids not only for practical applications, but
also to interpret various physical phenomena [7-14]. In this article, the
electrical conductivities of some transition metal complexes of 5-nitro- and
6-nitrobenzimidazole in the temperature range 298-388 K are investigated.

EXPERIMENTAL

The S-nitro- and 6-nitrobenzimidazole were purchased from Sigma Chem.,
Inc.
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All metal complexes were prepared and identified as previously reported
[15-20]. The complexes have the stoichiometry 1 :2.

The electrical conductivity was measured in the temperature range
298-388 K. The samples were prepared as tablets at a pressure of 12 tons
cm™ % The tablets were 10 mm in diameter and had a thickness of 0.3-0.5
mm. The tablets were covered on both sides with silver paste to improve the
contact with the measuring electrodes. Each sample was maintained between
two copper electrodes in a holder especially designed for this purpose. The
temperature was controlled from 298 to 388 K with a stability and an
accuracy of +0.1 K. The temperature was measured using a pre-calibrated
Cu-constantan thermocouple attached to the sample. The electrical conduc-
tivity was measured by applying a stabilised d.c. voltage across the sample
and measuring the potential difference across a standard 1 £ resistor
connected in series with the specimen.

RESULTS AND DISCUSSION

The electrical conductivity of the imidazoles and their metal complexes
are shown as a function of the absolute temperature in Figs. 1-4. The
conductivity was found to have a magnitude of the order 107¢ Q7! cm™.
This is close to the conductivity of semiconductors [7-14]. The conductivity
data vary exponentially with the absolute temperature according to the
Arrhenius relation

o =Ooe—AE/2kT (1)

where o is the electrical conductivity, o, is the preexponential term, and
AE, k and T have their usual meanings.

The small changes in ¢ in the lower temperatures portions of the plots are
a reflection of the AE values, see Table 1, and can probably be explained on
the basis of a simple single-band model. Straight lines are obtained when
AE is plotted against log o,, see Figs. 5 and 6. Using least-squares analysis,
the following empirical equations were deduced to correlate AE and log o,.
For 5-nitrobenzimidazole metal complexes: AE = 0.078 log g, + 0.43 for
chlorocomplexes; and AE = 0.047 log o, + 0.31 for acetatocomplexes.

For 6-nitrobenzimidazole metal complexes: AE = 0.047 log g, + 0.25 for
chlorocomplexes; and AE = 0.051 log o, + 0.32 for acetatocomplexes.

On plotting AE against log o, for complexes having the same metal ion,
Cu' or Cd", the same ligand (L' or L?) but with different anions (C1~, Br~,
OAc™ or SO; ™), straight lines are obtained, see Fig. 6. From these plots, the
following empirical equations were deduced:

For copper(Il) complexes: AE = 0.049 log o, + 0.30 for 5-nitrobenzimida-
zole complexes; and AE = 0.066 log o, + 0.25 for 6-nitrobenzimidazole
complexes.
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Fig. 1. Electrical conductivity data for: (a) 5-nitrobenzimidazole (L') ligand, (b) CuL,Cl,
complex, (e) NiL,Cl, complex, (¢) CoL,Cl, complex, (f) CdL,Cl, complex and (d) ZnL,Cl,
complex.
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Fig. 2. Electrical conductivity data for: (a) 5-nitrobenzimidazole (L') ligand, (b) NiL,(OAc),,
(¢) CdL,(OAG),, (d) ZnL,(OAc)?, (e) CoL,(OAc), and (f) Cu,L,(OAc),.

For cadmium(Il) complexes: AE = 0.041 log o, + 0.33, for S5-nitrobenzi-
midazole complexes; and AE =0.057 log g, + 0.31, for 6-nitrobenzimida-
zole complexes.

From the above data, the following conclusions may be drawn.

(1) Some of the complexes possess lower electrical conductivities and
activation energy values than those of the free organic compounds. This
could be attributed to the scattering mechanism and/or to the polymeric
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Fig. 3. Electrical conductivity data for: (a) 6-nitrobenzimidazole (L?), (b) CdL,Cl,, (c)
ZnL,Cl,, {(d) CuL,Cl,, {&) NiL,Cl, and (f) CoL,Cl..



220

il

12+lag om
T

5.8

i 1 1 i 1 \ | N }
27 249 3 339 3.5 10007
Fig,. 4. Electrical conductivity data for: (a) 6-nitrobenzimidazole {L*) ligand, (b) Cu,L,(QAc),,
() CdL,(0Ac),, (d) ZnL,{OAc),, (e) NiL,(OAc); and (f) CoL,(QAc),.
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TABLE 1

Electrical conductivity data for 5-nitrobenzimidazole (L'), 6-nitrobenzimidazole (L*) and
their metal complexes

Compound AE (eV) 12 +1log 058 —log o,
L 0.245 6.42 1.240
ZnlLCl, 0.286 5.40 1.780
cdrLc, 0.268 5.38 2.170
NiLLCl, 0.212 5.46 2.990
CulLCl, 0.137 7.98 1.370
Col4Cl, 0.129 6.06 3.800
Cu,IL(0Ac), 0.454 7.31 2.950
NilLL,(OAc), 0.317 6.21 0.269
ZnL},(OAc), 0.261 7.17 0.344
CoLY4(OAc), 0.230 7.30 0.843
CdLY, (OAo), 0.201 5.86 2.784
Cull;Br, 0.227 5.51 2.744
Cdr,(so,) 0.280 6.27 1.03
L? 0.294 7.70 0.478
Cul2Cl, 0.289 7.43 0.211
CoL%Cl, 0.272 5.78 1.646
ZnL3Cl, 0.173 7.60 1.474
NiL3Cl, 0.099 6.30 4.686
CdL3Cl, 0.083 7.97 2622
Cu,L3(0AC), 0.580 7.07 4.698
CdL%(0OAc), 0.301 7.14 0.186
ZnL?(OAc) 0.259 7.00 0.658
NiL%(OAc), 0.245 6.04 1.837
CoL%(OAc), 0.205 5.18 2722
CuL?Br, 0.251 6.80 0.976
CdL%(SOy) 0.284 5.17 2.069

2 Electrical conductivity at room temperature (25 ° C).

nature which may arise in some of the complexes as a result of the
temperature effects [10,21].

(2) Most of the acetato-complexes have lower electrical conductivity
values than the corresponding organic compound, see Table 1. This can be
attributed to the bridging nature of the acetato anions between the metal
ions.

According to the electrical conductivity values (Table 1) the complexes
may be classified as follows.

(a) The electrical conductivity of [CuL,Cl,] is greater than that of
[Cul,Br,], probably due to distortion from ideal symmetry [1-6]. The lower
electronegativity of Br~ compared to that of C1™ means that Br™ is a softer
base than Cl~, and consequently Br™ has an increased ability to coordinate
to the soft acid Cu(Il) than has Cl™. The acetato complexes have inter-
mediate conductivity values between the chloro- and bromo-complexes,
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Fig. 5. AE vs. log a4: O, 6-nitrobenzimidazole acetate complexes; @, 5-nitrobenzimidazole
acetate complexes; X, 6-nitrobenzimidazole chloride complexes; O, 5-nitrobenzimidazole
chloride complexes.

probably due to their existence in different structures [15]. The same trend
was observed in both cobalt(II) and nickel(II) complexes.

(b) In the L2 complexes, the electrical conductivity values are arranged in
the following order: CdL%Cl, > CdL%(OAc), > CdL%(SO,),. This is clearly
in the reverse order to that of the L' complexes. This could be attributed to
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Fig. 6. AE vs. log o, 0O, cadmium-5-nitrobenzimidazole complexes; ®, copper-5-nitro-
benzimidazole complexes; X, copper-6-nitrobenzimidazole complexes; O, cadmium-6-nitro-
benzimidazole complexes.
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the steric effect produced by the nitro-group in position 6 in the case of L2,
This is the same behaviour as observed for cobalt(II) and nickel(II) com-
plexes.

(¢) Except for copper(Il) complexes, the conductivity values were found
to increase in the order OAc™ > Cl~ for the L' complexes while the opposite
behaviour was observed in the L? complexes. This may be attributed to an
increase in the steric effect when the nitro-group is in position 6 as
compared to position 5. Resonance interaction may also be a contributory
factor.
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