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We synthesized and characterized five new complexes of some transitional metals sulphates with isonicotinic
acid hydrazide (isoniazid - INH), having formula of type [M(INH)(SO4)(H2O)2]. xH2O (x =1, M = Cu(II), and
x=0, M = Zn(II)), and [M(INH)(SO4)(H2O)2]2, M = Co(II), Ni(II) and Mn(II). All complexes were characterized
on the basis of elemental analyses, IR spectroscopy, UV-Vis-NIR, EPR, as well as thermal analysis and
determination of magnetic moments. The thermal behaviour of complexes was studied using
thermogravimetry (TG) and differential thermal analysis (DTA). The ligand works as bidentate NO, being
coordinated through the imine nitrogen and carbonylic oxygen. Complexes of Cu (II) and Zn(II) are monomeric
and complexes of Co(II), Ni(II) and Mn(II) are dimeric.
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Isoniazid (INH) is one of the most common and efficient
drugs used in treatment of tuberculosis [1], because it has
a very high in vivo inhibitory activity towards Mycobacterium
tuberculosis H37Rv [2]. Its activity is enhanced by chelation
with metals. The structure, stability and consecutive
formation constants of metal chelates of isoniazid with
different metal ions, have been studied [3-6]. According to
previous investigations [7] first we had as a task the
synthesis of new complexes combination   with izoniazid
and derivate hydrazones [8,9].

In the present paper, we report synthesis and
characterization of five combinations of Cu (II), Co (II), Ni
(II), Mn (II) and Zn(II) sulphate with isoniazid (INH). The
structural ligand formula is shown in figure1.

salicylaldoxime, Ni with dimethilglioxime, and Co, Mn and
Zn as pyrophosphates.

The melting temperatures of complexes were directly
measured with SMPI Melting Point Apparatus (Stuart
Scientific).

The IR spectra (4000 - 400 cm-1) were recorded in KBr
tablet, using a BIO-RAD FTS-135 spectrometer, and the
UV-Vis-NIR electronic spectra (200 - 2200 nm) were
recorded with a UV-Vis-NIR spectrophotometer in diffuse
reflectance, JASCO V 670.

The measurements of magnetic susceptibility were
determined at room temperature, using the Faraday
method, and electronic paramagnetic resonance (EPR)
spectra of Cu(II) complex were recorded at room
temperature, on a Jeol JESS FA 100 spectrometer, with a
100 Hz field modulation.

The thermal analyses were performed with a Perkin
Elmer with a heating of 50C/min in synthetic air atmosphere
(150 mL / min). All complexes have been investigated in
the range 20-8000C.

Results and discussions
By reaction of sulphate of some transitional metals with

INH, in 1:1 molar ratio, were obtained the monomeric
complexes, type [M(INH)(SO4)(H2O)2].xH2O (x = 1, M =
Cu (II) and x = 0, M = Zn (II)) and dimeric complexes,
type [M(INH)(SO4)(H2O)2]2 (M = Co(II), Ni(II) and Mn(II)).

The compounds are thermally stable and they are
insoluble in common organic solvents (methanol, ethanol,
acetone, diethyl ether, chloroform, DMF).

Elemental analysis and some physical properties
(colours, melting point) of the complexes are given in
table1.

IR Spectra
The main bands from IR spectra for the ligand and its

metal complexes are presented in table 2.
In  the izoniazid IR spectrum  very intense bands appear

at 3302 cm-1, 3112 cm-1, 1667 cm-1 and  1555 cm-1, that are

Fig. 1. Ligand formula

Experimental part
Synthesis of the complexes

To methanolic solution of Cu (II), Co (II), Ni (II) and Mn
(II) sulphate (0.001 moles in 15 mL methanol), a methanol
solution of izoniazid (INH) is added, in a molar ratio 1:1,
under continuous stirring. Immediately, the metallic
complexes are precipitates. The solid products are filtered,
washed with methanol and dried in vacuum over anhydrous
CaCl2.

Materials and methods
The elemental analyses (C, H, N) were made with an

Elemental Combustion System CHNS-O, using a Costech
device, type ECS 4010, and the metal content was
determined by gravimetric methods: Cu with
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assigned  to the  vibration   frequency  ν(NHas),ν(NHsim)
and are due to amide-I groups and  amide-II. The band of
medium intensity from 887 cm-1 is due to the vibration
frequency νN-N [10].

In the complexes, the corresponding band of amide-I
group appears displaced towards lower values, which
indicates the involvement of carbonyl group in coordination
[11].

The vibration frequencies   νN-H is strongly displaced in
all complexes. The displacement towards   lower values
by comparison with the ligand spectra, suggests the
involvement of the imino nitrogen in coordination with
metallic ions. In accordance  with this is the fact that the
vibration frequency νN-N is displaced  towards lower
values in complexes [10].

The bands attributed to pyridine vibration mode remain
almost unchanged in the spectra of the complexes,

Table1
ELEMENTAL ANALYSIS DATA, COLOURS AND MELTING POINTS OF COMPLEXES

Table 2
INFRARED FREQUENCIES (cm-1) OF INH AND COMPLEXES
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suggesting that the pyridine nitrogen is not involved in the
coordination of the metal ions.

All data support the idea that in the metallic complexes,
the ligand works as bidentate NO, being coordinated
through the imine nitrogen and carbonylic oxygen.

The bands in the domain 3462-3381 cm-1 and 911 - 894
cm-1, from IR spectra of the complexes, suggest the
existence of coordination water [12].

The presence of SO4
2- anionic in the coordination sphere

of the complexes is supported by the emergence of three
bands in the domain 969 - 984 cm-1, 1042 - 1070 cm-1 and
1203 - 1224 cm-1 [12].

In all the complexes, in the range 400 – 500 cm-1, new
lower intensity bands appear, that show the presence  of
some M-O and M-N bonds.

Electronic spectra
The isoniazid  presents  in  UV   two  bands,  at  45454

cm-1and 38461 cm-1, assigned  to transitions π→π*
respectively  n→π*.

The electronic spectrum of the Cu(II) complex,  presents
a large band at 13123 cm-1, which can be attributed to the
transition 2Eg →  2T2g, proper for an octahedral geometry
[13].

The Co(II) complex  presents  three bands  in  the
electronic spectrum, at 8333 cm-1,16025, 19157 cm-1,
attributed to the   transitions d-d ,  4T1g→  4T2g , 

4T1g(F)→ 4A2g,
and 4T1g→ 4T1g(P). These transitions and the values of the
field parameters correspond to those characteristic for an
octahedral geometry [13].

The electronic spectrum of  Ni(II) complex (fig. 2),
presents three bands at 10080 cm-1, 16286 cm-1, 26737
cm-1, attributed to the transitions  3A2g →  3T2g, 

3A2g →  3T1g
and respectively   3A2g → 3T1g  (P),  proper to an  octahedral
geometry for the Ni(II) ion [13].

The ligand field splitting energy (10Δq), interelectronic
repulsion parameter (B) and nephelauxetic ratio (β) for
the Co(II) and Ni(II) complexes were calculated using the
secular equations given by König [14] and the values are
presented in table 3.

The Mn(II) complex  presents a signal in UV domain at
31250 cm-1 assigned to a change transfer of electric load,
how the theory  foresees for a d5 ion [15].

In the spectrum of Zn(II) complex, as expected, it can
be noticed only the ligand bands, displaced to lower values.

Magnetic moments
The magnetic moment determined for the complex of

Cu (II) is 1.889 MB and reasonably corresponds in the range
(1.8 – 2.2 BM) specific to complexes of Cu (II) with
octahedral geometry [16].

The complex of Zn (II) is diamagnetic, as expected for
the configuration of d10 [17].

It is known that in the approximation “spin only” can be
calculated magnetic moment of a compound based on
the hypothesis non-matched number of electrons, so the
value of the spin associated of the paramagnetic ions
components: validity of the hypothesis results from
comparing the magnetic moment calculated with that
determined from measurements. In so far as the
compounds whose magnetic moment is determined,
containing several paramagnetic ions, when produced
experimentally at room temperature, the measured
susceptibility can be typically played by the relationship
“spin only”:

Fig 2 . UV-Vis-NIR  spectra for complex 3

Table 3
ELECTRONIC SPECTRA (cm-1), MAGNETIC MOMENTS AND GEOMETRIES FOR LIGAND AND COMPLEXES
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                                            (1)

(expression of the calculated magnetic moment in Bohr
magnetons, assuming no magnetic exchange interaction
of intra and inter molecular and assuming the neglect of
orbital magnetic moment contribution),
where:

- n is the number of paramagnetic ions in the compound
- gi, Si  are the giromagnetic factors, respectively the

timing of the spin relative to the indices paramagnetic ion
indicated with “i” in the composition of the molecule

-  N, μB, k  is Avogadro’s number, the magneton Bohr and
his constant Boltzmann.

The relationship (1) is based essentially on the
assumption of no interaction among the paramagnetic
centers inside a molecule and leads to the formula

            (1’)

so

           (1")

where further

               (1’”)

By the expression 1’” on the left is evaluated “the
experimental magnetic moment” and the term 1’” on the
right is evaluated “the magnetic theoretical moment”,
based on approximation” spin only “.

The difference between the two values can be
interpreted as being due to interaction between
paramagnetic centers (interactive ferro or antiferro-
magnetic) and / or orbital magnetic moment contribution.
In the latter option, you turned to theoretical models more
developed, given that “spin only” approximation from
before expressions neglects both contributions.

Nothing is changed if considered only one molecule or
more, as long as we use the assumption of no interaction
among the paramagnetic centers within a molecule,
intermolecular dipolar interaction or orbital contributions.

Based on this hypothesis and determined the
susceptibility values at room temperature were calculated
magnetic moments for complexes of Co (II), Ni (II) and
Mn (II). Thus:

- for the complex Co (II), the experimentally determined
magnetic moment is 5.7 MB, indicating a high spin and
excluding the oxidation to Co(III). The value determined is
perfectly in the 4.3 - 5.7 MB, which corresponds to an
octahedral geometry for the ion Co(II) [16].

- for the complex of Ni (II) the amount determined for
the magnetic moment is 3.21 MB. This value is in the range
(2.8 - 3.5) for complexes of Ni (II) with octahedral geometry
[16].

Fig 3. DTA and TG curves of complexes
1-5
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Table 4
THERMAL ANALYSIS DATA FOR THE COMPLEXES

  - the magnetic moment determined for the complex Mn (II) is 5.65 MB. This value falls in the range 5.65 - 6.10 MB, it
is appropriate the Mn (II) ion, with octahedral environment [15].

.
Termogravimetric analysis

DTA and TG data of the investigated complexes are given in figure 3 and  table 4. The DTA curves are characterized by
endothermic peaks in the temperature range 35 - 2480C, assigned to loss of water of coordination (inclusively water of
crystallization for complex 1), and TG curves indicates loss of mass in this interval. The appearance of more than one
endothermic DTA peak confirms that water is not limited isoenergetically and elimination is done in several steps [18].

In the Cu (II) and Zn (II) complexes, the final remaining residue is metal oxide, and in the Co (II), Ni (II) and Mn (II)
complexes, the final remaining residue is metal sulphate. The processes of thermal decomposition for the complexes
studied can be resumes as:

EPR spectra
The Cu(II) complex was examined by EPR spectroscopy

and the values for g|| and g⊥were determined for the proper

magnetic field (table 5). The EPR spectra (fig. 4) and the
values of the magnetic field parameters plead for an
octahedral symmetry for the Cu(II) complex.

25
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Fig 4. EPR spectrum for complex 1 at room
temperature

The spectral (IR, EPR and UV-Vis-NIR) and magnetic
data enable us to predict the possible structural formula
for the metal complexes which are also supported by the
thermal decomposition studies, as shown in figure 5.a and
5.b.

Conclusions
Five new complexes of Cu (II), Co (II), Ni (II), Mn (II)

and Zn(II) with isoniazid (INH) were synthesized and
characterized. The complexes of Cu(II) and Zn(II) are
monomeric and the complexes of Co(II), Ni(II) and Mn(II)
are dimeric. The spectroscopic data show that in all
complexes, the metallic ion is in an octahedral environment
and the ligand acts as bidentate NO, being coordinated
through the imine nitrogen and carbonylic oxygen. Also,
the results show that the thermal decomposition of studied
complexes is consistent with the elemental and spectral
analysis.
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