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THE ELECTRONIC MICROSCOPE OF COMPLEXATION 

OF Co (II) SALT WITH OXADIAZOLE DERIVATIVE
Abstract. The oxadiazole derivative 5–4-pyridyl-1,3,4-oxadiazolin-2-thione (Hpot) was used as a 

ligand in reactions to form complexes of Co(II) ions. The composition and structure of the selected 
ligand were studied by means of elemental, thermal and X-ray phase analysis, IR spectroscopy, and 
absorption electronic microscope analysis. Based on the research, it was found that the ligand has 
individuality, characteristic composition and cyclic structure. According to the data of IR spectros-
copy, it was found that the ligand exists in tautomeric forms in the solid state and in solution.
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Currently, a powerful technique is used in the 

analysis of material – the scanning electron micro-
scope (SEM). In this case, a modern cell phone is 
passed through a thin electronic circuit board. The 
resulting electron is bombarded and leads to the re-
lease of a secondary electron, the collision of a dou-
ble electron with a low energy, and the formation of 
a pentogen nucleus opposite to the element itself. 
The SEM detector only collects low-energy second-
ary electrons from the thin nanometer surface of the 
sample. This eca paints very good peaks with a per-
fect color version.

A portable electronic microscope has many advan-
tages over other devices. For example: when attached 
to the tip of a conventional optical microscope, the 
optical microscope is characterized by high accuracy 
and high reproducibility, as well as the clarity of the 
image obtained and the speed of analysis.

The percent concentration of Co, C, N, O, and S 
elements in the composition of the complex based 
on Co(Cl)2 is Co-13.2%, C-37.4%, N-9.5%, O-21, 
5% and S-14.6%. This results in a formula with the 
composition CoC14N6N18O6S2. According to the 

given formula, the composition of the complex can 
be represented by the formula [Co2(H2O)4]*2H2O.

The results of the thermal analysis were ana-
lyzed in order to determine the thermal stability 
of the complex bipicmalap of the Co (II) salt with 
5-(4-pyridyl)-1,3,4 oxadiazol-2-thione and the pres-
ence of a new molecule.

The thermal analysis is carried out in a thermal 
analytical device – deviator, and simultaneously the 
rate of reduction of the mass of the sample, the mass 
of the complex and the thermal stability are deter-
mined. As a result of the thermal analysis, the folding 
and folding of the complex, the coordination qual-
ity and coordination of the ligand, and the complex 
product are determined.

Dehydration is assumed to occur at significantly 
lower temperatures when dehydrating. Because the 
Van-Der-Vals circuit requires a low-energy capaci-
tor when it closes to a coordination bond break. The 
separation of the water in the crystalhydrate and the 
internal shpere is in a very wide range of tempera-
ture, so it is not possible to determine the tempera-
ture of the beginning of the water in practice. For the 
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studied complex, the peak of the coagulation curve 
appears at 120–134 °C, which is due to the crystal-
lizing water molecule in the complex.

The thermal analysis of the synthesized complex 
compounds can be summarized as follows: complex 
compounds is decomposed in an oven at an tempera-
ture of 50–700 °C. For the studied complex, the ob-
servation of the endothermic effect at the tempera-
ture of 120–134 °C is caused by the dissociation of 
the water molecule in the complex. This is explained 
by the fact that the complex compounds has a crys-
tallization curve.

In order to determine the nature of the ligand and 
the electronic transitions of the synthesized complex 
compounds, as well as the degree of oxidation of Co 
(II) ions and the spatial structure of the complex 
compounds, the electronic spectrum of the powder 
complexes was studied.

It is known from the literature that the Rak-B pa-
rameter, which describes the inter-electron repulsion 
and is related to the size of the metal and the effec-
tive charge of its nucleus, provides information on the 
degree of covalency of the metal-ligand bond; in this 
case, the greater the covalency of the bond (the greater 
the polarizability of the ligand and the polarizing effect 
of the cation, the greater the effective charge of the 
cation nucleus and the level of covalency of the bond) 
Rak parameter B. Dq parameter is a metal ion with a 
complex increase in the metal charge and the strength 
of the ligand field, and depending on the nature of the 
ligand. The Rak parameter tends to increase with an 
increase in the number of electrons in the d-shell due 
to the increase in interelectron repulsion B.

Thus, as a result of the analysis of the electronic 
spectrum of the diffusion reduction of Co (II) ni-
trate complex in the form of powder, it can be said 
that the absorption lines of the ligands, determined 
in the strong field, shift to the side of high frequen-
cies. Accordingly, the degree of compression of the 
coordination polyhedron in the direction of the pla-
nar structure corresponds to the skewed octahedral 
structure of the Co (II) complex.

In the calculation analysis of the obtained results, 
it should be noted that the calculated values of the 
Rak B parameters increase with an increase in the 
number of d-electrons in the 2+ charged ions of Co 
(II) complexes, which means a decrease in the level 
of covalency of the M–L bond with the return of 
electrons and a change in the nature of the metal.

A selected ligand has multiple donor competing 
atoms to coordinate into a complex structure. To de-
termine the approximate coordination centers in the 
heterocyclic ligand, we carried out a chemical cal-
culation of the reactivity of the donor centers in the 
polyfunctional ligand by the quantum chemical DFT 
method. The analysis of the calculated data showed 
that the most probable centers of coordination in 
(Hpot) ligand molecules are nitrogen atoms of oxa-
diazole and pyridyl rings. The data of physicochemi-
cal analysis of some intermediate metal complexes 
obtained confirmed the results of quantum chemical 
calculation of the selected ligand molecule. Meth-
ods of synthesis of 8 new complex compounds with 
Co (II), Ni (II) chlorides, nitrates and acetates based 
on (Hpot) ligand were developed and mastered.

The composition of the synthesized complex 
compounds was studied by the methods of elemen-
tal, X-ray phase and thermal analysis, IR spectros-
copy, scanning electron microscope, diffusion reduc-
tion electron spectrum analysis methods. According 
to the results of thermal analysis, it was found that 
the synthesized complex compounds contain water 
of crystallization and coordination.

According to the results of IR spectroscopy, the 
coordination centers of the metal ions of the ligand 
were determined, the heterocyclic ligand (Hpot) can 
be monodentate and bidentate, it was shown that 
the molecule is bound by the donor atom when the 
quantum chemical theory of the ligand is calculated. It 
was found that, depending on the reaction conditions, 
complexes can have M : L=1:2 or 1 : 4 composition.

For all complex compounds formed from metal 
chlorides and 5–4-pyridyl-1,3,4-oxadiazol-2-thi-
one/thiol in C2H5OH, a two-state octahedral struc-
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ture in the coordination compound was proposed 
on the basis of physicochemical analysis. The poly-
gons are covered by monodentately coordinated 

molecules with the nitrogen atom of the pyridyl 
ring, the ligand, and the four bound water mol-
ecules.
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