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Abstract New complexes of 2-benzoyl-pyridil-isonicotino-
ylhydrazone (L) with Cu(Il), Co(I), Ni(Il) and Mn(II),
having formula of type [ML,] SO,-xH,0 (M = Cu**, Co*™,
Ni**,x = 2and M = Mn*", x = 3), have been synthesised
and characterised. All complexes were characterised on the
basis of elemental analyses, IR spectroscopy, UV-VIS-NIR,
EPR, as well as thermal analysis and determination of molar
conductivity and magnetic moments. The thermal behaviour
of complexes was studied using thermogravimetry (TG),
differential thermal analysis (DTA) and differential scan-
ning calorimetry (DSC). The structure of L hydrazone was
established by X-ray study on single crystal. The ligand
works as tridentate NNO, being coordinated through the
azomethine nitrogen, the pyridine nitrogen and carbonylic
oxygen. Heats of decomposition, AH, associated with the
exothermal effects were also determined.
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Introduction

The coordination chemistry of Schiff base ligands derived
from 2-pyridyl ketones has received more and more
attention. In 1990, Gourbatsis et al. [1] found a rich and
varied coordination chemistry of Schiff base ligands
derived from 2-acetylpyridine and 2-benzoylpyridine.
Particularly, tridentate ONO/S, NNO/S and PNO/S func-
tionalised ligands have recently attracted considerable
interest [2—6], but surprisingly NNO-chelating ligands have
been little published [7-9]. The tautomerism of these
ligands as well as the well-known transition metal chelat-
ing properties allows various structural possibilities [10]
for its metal complexes. In addition, the versatile applica-
tions of Schiff base ligand complexes in the field of bio-
logical [11-13] and industrial processes [14, 15] prompted
us to synthesise the tridentate NNO-Schiff base ligand
complexes [16, 17].

The thermal analysis techniques such as thermogravi-
metry (TG), differential thermal analysis (DTA) and dif-
ferential scanning calorimetry (DSC) were widely applied
in studying of the thermal behaviour of metal complexes
[18-20]. The data provided information concerning the
thermal stability and thermal decomposition of these
compounds in the solid state.

In the context of our previous research, a number of four
complexes of transition metals with ligand derived from
2-acetylpyridine [21] and 2-benzoylpyridine [22] were
obtained and characterised.

In the present paper, we report synthesis and charac-
terisation of four combinations of Cu(Il), Co(Il), Ni(II)
and Mn(II) sulphate with 2-benzoyl-pyridil-isonicotinoyl-
hydrazone (L). The structural ligand formula is shown in
Fig. 1.
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Fig. 1 The crystal structure of 2-benzoyl-pyrydil-isonicotinoylhy-
drazone (L)

Experimental
Materials

All chemicals were of pure analytical grade and were
purchased from Sigma-Aldrich and Fluka.

Synthesis of 2-benzoyl-pyridil-isonicotinoylhydrazone

The 2-benzoyl-pyridil-isonicotinoylhydrazone—L  was
obtained by refluxing on water bath for 5 h, a mixture of
isoniazid and 2-benzoyl-pyridine (ratio 1:1 molar). Metha-
nol (30 mL) was used as a solvent. After cooling, a pink
precipitate occurs. This is filtered, washed with methanol and
dried in vacuum on CaCl,. The solid was separated from
single crystals and the X-ray crystal structure has been made.

Synthesis of complexes

A methanolic solution of isoniazid (0.002 moles in 30 mL
of methanol) is added to the methanolic solution of
2-benzoyl-pyridine (0.002 moles in 30 mL methanol). The
mixture was stirred at 50 °C for 30 min, cooled at room
temperature and to this was added under stirring, the
methanolic solution of Cu(Il), Co (II), Ni(Il) and Mn(II)
sulphate (0.001 moles in 15 mL methanol). Immediately,
the metallic complexes are precipitates. The solid products
(1-4) are filtered, washed with methanol and dried in
vacuum over anhydrous CaCl,.

Techniques
The elemental analyses (C, H, N) were made with an Ele-

mental Combustion System CHNS-O, using a Costech
device, type ECS 4010, and the metal content was
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determined by gravimetric methods: Cu with salicyl-
aldoxime, Ni with dimethilglioxime, and Co and Mn as
pyrophosphates.

The melting temperatures of complexes were directly
measured with SMPI Melting Point Apparatus (Stuart
Scientific). Molar conductances of the complexes were
measured in 10°M DMF at room temperature using a
Consort type C-533 conductivity instrument.

The IR spectra (4000400 cm_l) 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(Il) complex were recorded at room temper-
ature, on a Jeol JESS FA 100 spectrometer, with a 100 Hz
field modulation.

The thermal experiments were performed on a Mettler
Toledo TGA/SDTA 851° thermal analyzer, within the tem-
perature range 25-1000 °C, and a Mettler Toledo DSC 853°
differential scanning calorimeter, within the temperature
range 25-600 °C. The TG curves were recorded in nitrogen
atmosphere with a flow rate of 50 mL min~" and at a heating
rate of 5 K min~'. The DSC curves were obtained under
nitrogen atmosphere with 80 mL min~' flow rate and a
10 K min~" heating rate. The samples were held in alu-
minium crucibles for DSC experiments and platinum cru-
cibles for TG/SDTA experiments, with a pinhole in the lid to
prevent pressure build up due to gaseous products. Sample
mass was between 0.8 and 3 mg for both methods. At the end
of the heating process for the DSC experiments, the mass of
the remaining sample represents approximately 30% from
initial values for all studied complexes. The TG/DTA and
DSC curves were used to characterise the accompanying
mass and heat changes during the linear heating.

Single-crystal X-ray diffraction was used for crystal
structure determination of 2-benzoyl-pyridil-isonicotinoyl-
hydrazone. XRD data were collected on a STOE IPDS 11
diffractometer operating with a Mo Ka (4 = 0.71073 A)
X-ray tube with a graphite monochromator, at room tem-
perature. Data collection: Stoe X-AREA [23]. Cell refine-
ment: Stoe X-AREA [23]. The structures were solved by
direct methods and refined with anisotropic displacement
parameters based on FZ, using SHELXS-97 [24] and
SHELXL-97 [25] crystallographic software packages.

Results and discussion

The structure of L (L = 2-benzoyl-pyridil-isonicotinoylhydra-
zone) was determined using X-ray study on single crystal.
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Table 1 Crystallographic data, details of data collection and struc-
ture refinement parameters for ligand (L)

Chemical formula CisH14N4O,
M/g mol ™" 302.33
Temperature/K 293(2)
Wavelengthlz& 0.71073
Crystal system Triclinic
Space group P-1

alA 8.317(1)
blA 8.683(1)
c/A 11.079(1)
af® 91.599(1)
pre 93.941(1)
y/° 109.486(1)
VIA3 751.38(2)
VA 2

F(000) 316
Reflections collected 5693
Unique reflections 4212
Goodness-of-fit on F? 1.050

Details of crystal structure determination are summarised in
Table 1, and bond lengths and the angles are collected in
Table 2.

Complexes with L are obtained by template synthesis.
The compounds are soluble in DMF and insoluble in other
common organic solvents (methanol, ethanol, acetone,
diethyl ether, chloroform). Molar conductivity measure-
ments in DMF show that they are 1:1 type electrolytes [26].

Elemental analysis is shown in Table 3. The analytical
data show that the complexes may be formulated as [ML,]
(SO4)-xH,0, where M = Cu(II), Co(II), Ni(II), x = 2 and
M = Mn(Il), x = 3, L = 2-benzoyl-pyridil-isonicotinoyl-
hydrazone.

Some physical properties (colour, melting point, molar
conductivity in DMF 10~ M) of the complexes are given
in Table 3.

Infrared spectra

The main bands from IR spectra of ligand (L) and its metal
complexes are presented in Table 4.

In the 2-benzoyl-pyridil-isonicotinoylhydrazone (L) IR
spectra, a very intensive band appears at 1691 cm™' and a
strong band appears at 1668 cm™ !, which are assigned to
the vibration frequency v(C=0) amide I [27] and v(C=N)
azomethine [28].

For complexes 1-4, the band group corresponding to
amide I appear shifted with 29-38 cm™' towards lower
frequencies, which indicates the involvement of carbonyl
group in coordination [29]. Also, a shift towards lower

Table 2 Bond distances and angles for ligand (L)

Bond lengths
C1-N3 1.333(2)
C1-C2 1.3832(2)
C2-C3 1.3875(2)
C3-C4 1.3873(2)
C3-C6 1.5053(1)
C4-C5 1.3887(2)
C5-N3 1.332(2)
C6-01 1.2156(1)
C6-N1 1.3601(1)
C7-N2 1.2961(1)
C7-C14 1.4904(15)
C7-C8 1.4953(1)
C8-C13 1.3913(2)
C8-C9 1.3913(2)
C9-C10 1.3897(2)
C10-C11 1.382(2)
C11-C12 1.377(2)
C12-C13 1.3892(2)
C14-N4 1.3506(1)
C14-C15 1.3913(2)
C15-C16 1.3851(2)
C16-C17 1.3790(2)
C17-C18 1.3784(2)
C18-N4 1.3380(15)
N1-N2 1.3678(1)

Bond angles
N3-C1-C2 124.16(1)
C1-C2-C3 118.79(1)
C4-C3-C2 117.81(1)
C4-C3-C6 124.20(1)
C2-C3-C6 117.99(1)
C3-C4-C5 118.82(1)
N3-C5-C4 123.88(1)
O1-C6-N1 124.84(1)
01-C6-C3 121.89(1)
N1-C6-C3 113.26(9)
N2-C7-C14 127.53(9)
N2-C7-C8 114.49(9)
C14-C7-C8 117.92(9)
C13-C8-C9 118.91(1)
C13-C8-C7 121.27(1)
C9-C8-C7 119.82(1)
C10-C9-C8 120.36(1)
C11-C10-C9 120.12(1)
C12-C11-C10 119.92(1)
C11-C12-C13 120.29(1)
C12-C13-C8 120.35(1)
N4-C14-C15 120.97(1)
N4-C14-C7 118.05(9)
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Table 2 continued

C15-C14-C7 120.94(1)
C16-C15-C14 119.42(1)
C17-C16-C15 119.53(1)
CI8-C17-C16 117.86(1)
N4-C18-C17 123.68(11
C6-N1-N2 120.29(9)
C7-N2-N1 117.83(9)
C5-N3-C1 116.50(1)
CI8-N4-C14 118.54(1)

values of Av = 66-77 cm™ ' is observed for the frequen-
cies characteristic to azomethine group of metal complexes
with 2-benzoyl-pyridil-isonicotinoylhydrazone. This sug-
gests the involvement of azomethine nitrogen in coordi-
nation with metallic ions [29].

In the IR spectra of the ligand, three mid intensity bands
appear at 1548, 1000 and 743 cm™", which are assigned to
vibration frequency v(Py ring), Py ring bending and y (Py
ring outside the plan), respectively.

In complexes 1-4, vibration frequency due to the Py
ring is displaced to lower values. On the other hand, in the
IR spectra of complexes the band corresponding the Py
ring bending, which in ligand is at 1000 cm ™', is displaced
to higher values, with Av = 16-57 cm™". Displacements to
higher values with Ay = 12-14 cm™" also appear for the
typical band of y (Py ring outside the plan).

This information leads to the idea that pyridine nitrogen
of 2-benzoyl pyridine is involved in the coordination with

Table 3 Analytical and physical data of the complexes

metal ions [30, 31]. All data support the idea that in the
metallic complexes, the ligand works as tridentate NNO,
being coordinated through the azomethine nitrogen, the
pyridine nitrogen and carbonylic oxygen.

The IR spectra of complexes 1-4 also show the band
attributed to the counteranion SO42_ [29].

Magnetic moments

The magnetic moments for all complexes were determined
at room temperature, using the diamagnetic correction [32]

(Eq. 1):
Ip = kM % 107® cm® mol ™! (1)

where M is the molecular weight of the compound and k a
factor varying between 0.4 and 0.5.

The magnetic moment calculated for Cu(Il) complex is
2.09 B.M. This value reasonably corresponds to the octa-
hedral geometry of Cu(Il) complexes [33].

For the Co(II) complex, the magnetic moment experi-
mentally determined is 4.68 B.M., indicating a high-spin
character and excluding the oxidation to Co(III). This value
is within the range (4.3-5.7 B.M.), corresponding to an
octahedral geometry for cobalt ion [33].

For the Ni(Il) complex, the value of the magnetic
moment is 2.98 B.M. This is within the range (2.8-3.5
B.M.) found for the paramagnetic Ni(Il) complexes with an
octahedral geometry [33].

The magnetic moment determined for the Mn(II) com-
plex is 5.65 B.M. This value falls in the range 5.65-6.10

Compounds Colour Melting AFQ" cm? Uerev  Elemental analysis found (Caled.)
point/°C mol ™!
M/% C/% H/% N/%
[CuL,]SO4-2H,0 (1)  Green turquoise 235 98.2 2.09 7.764 (7.945) 54.231 (54.013) 4.364 (4.033) 14.117 (14.003)
[CoL,]S04-2H,0 (2) Pink >325 117 4.68 7.543 (7.411) 54.675 (54.327) 4.330 (4.056) 14.101 (14.084)
[NiL,]SO42H,0 (3) Blue 208** 111 2.98 7.67 (1.39) 54.665 (54.395) 4.322 (4.061) 14.233 (14.102)
[MnL,]SO4-3H,0 (4) White >325 98.1 5.65 6.559 (6.789) 53.200 (53.385) 3.687 (3.986) 13.471 (13.840)

* DMEF solution 107> M at 20 °C
** With decomposition

Table 4 Selected infrared absorption frequencies (cm™") of L and complexes

Compounds v(OH) vN-H vC=0 amide I vC=N v(Py ring) VS04~ Py ring y (Py ring outside
azomethine bending the plan)

L - 3303 3110 1691 1668 1548 - 1000 743

[CuL,]SO,4-2H,0 3420 3117 3086 1653 1591 1540 1146-1117 1041 756

[CoL,]SO,4-2H,0 3400 3279 3100 1655 1595 1548 1143-1093 1057 755

[NiL,]SO4-2H,0 3400 3246 3081 1658 1603 1551 1107 1087 756

[MnL,]SO4-3H,0 3400 3281 3094 1662 1602 1547 1117 1016 757

@ Springer



Thermal behaviour and spectroscopic studies

991

B.M. and it is appropriate to the manganese ion, with an
octahedral environment [34].

Electronic spectra

The Schiff base (L) presents in UV spectra two bands at
37593 and 32679 cm_l, assigned to 1 — ©* and n — 7*
transitions.

The electronic spectrum of the Cu(Il) complex, presents
a large band at 12722 cm_l, which can be attributed to the
Xz, y7 — 2 - y2 transition, proper for an octahedral
geometry [35].

The electronic spectra of Co(I) complex presents three
bands at 8532, 5337 and 19455 cm ™!, attributed to the d—d
transitions *T;y — *Tpy *Tio(F) — *Ay, and *T), —
4T1g(P), respectively. These transitions and the values of
the field parameters correspond to those characteristic for
an octahedral geometry [35].

The electronic spectrum of Ni(I) complex (Fig. 2)
presents three bands, at 9708, 16025 and 25906 cmfl,
attributed to the 3A2g - 3ng, 3A2g - 3T1g and, respec-
tively, 3A2g - 3T 1 (P) transitions, proper to an octahedral
geometry for the nickel ion [35].

The ligand field splitting energy (10Aq), interelectronic
repulsion parameter (B) and nephelauxetic ratio (/) for the
Co(I) and Ni(Il) complexes were calculated using the
secular equations given by Konig [36] and the values are
presented in Table 5.

The Mn(II) complex presents a signal in UV domain at
30862 cm™! assigned to a transfer of electric load,
according with the theory data for a ¢ ion. It is well-known
that the d—d transitions occur in the d° systems but those
transitions are of very low intensities and hence we did not
observe any d—d bands for such transitions [34].

1,0 7
0,9 !
0,8 1
0,7
0,6

Al%

0,5
0,4
0,3 ]
0,2
0,1

T T T e T T | — T —T T T —T
0 200 400 600 800 1000 1200 1400 1600
nm

Fig. 2 UV-Vis—NIR spectra for Ni(Il) complex

EPR spectra

The Cu(Il) complex was examined by EPR spectroscopy
and the values for g and g, were determined for the
proper magnetic field (Table 6). The EPR spectra (Fig. 3)
and the values of the magnetic field parameters plead for an
octahedral symmetry for the Cu(Il) complex.

Thermal behaviour of the complexes

The TG/DTA and DSC curves of ligand and complexes are
represented in Figs. 4, 5, 6, 7 and 8. The decomposition
stages, temperature ranges, heat of decomposition, thermal
effects accompanying the changes in the solid complexes
on heating, as well as found and calculated weight loss
percentages of the complexes are given in Table 7.

The TG/DTA curves show mass loses in three steps,
corresponding to the endothermic peaks due to the dehy-
dration and exothermal peaks attributed to the decomposi-
tion. The DTG curves show that the thermal decomposition
occurs with a large number of consecutive and/or overlap-
ping steps, and through a more complex pathway than that
observed from DTA and DSC curves. The area of the
endothermic DSC peak corresponds to the melting heat or
dehydration, the area of the exothermal peak corresponds to
the decomposition heat and the peak temperature corre-
sponds to the melting point, and decomposition tempera-
ture, respectively. The decomposition heat was evaluated
neglecting the partial superposition of exothermal process.

The thermal TG/DTA and DSC curves of ligand (Fig. 4)
shows a melting process, located at 158 °C (peak temper-
ature) on DTA curve and 161 °C on DSC curve, with
AH = 157.69 Jg~' followed by a complex exothermal
decomposition. The DSC curve shows two exothermal
peaks with maximum temperature at 272 °C, with AH =
—125.42 Jg~! for the first peak and 336 °C, with AH =
—47.21 Jgfl, for the second one.

The thermal behaviour of the compounds is depended on
the nature of the metal ion. The TG/DTA curve of Cu(Il)
complex (Fig. 5) shows a mass loss between 50 and 90 °C,
corresponding to an endothermic peak at 73 °C on DTA
curve, due to dehydration with a loss of 2H,0 (Calc. =
4.72%; Exp. = 4.99%). The second step corresponds to the
thermal decomposition between 90 and 127 °C with endo-
thermic peak temperature at 117 °C. This step is due to
decomposition of one molecule of ligand. The intermediary
compound is unstable upon heating and starts to decompose
before melting process. This violent decomposition between
127 and 700 °C is due to the removal of SO5; molecule and
decomposition of remaining part of the ligand together with
expulsion of a part of the CuO. The overall mass losses are
observed to be 72.12%, which is in agreement with the cal-
culated value of 73.73%. On DSC curve, the violent
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Table 5 Electronic spectral data and geometries for the ligand and their complexes

1

Compounds Frequencies/cm™ Assignments 10Aq B p Environment
L 37593 n — ¥ - - - -
32679 n — ¥
[CuL,]S04-2H,0 35211 T — ¥ - - - Octahedral
12722 o=y
[CoL,]S0O42H,0 36231 n — n* 6805 613.066 0.631 Octahedral
19455 Ty > *To,
15337 T 14(F) — *Ag,
8532 ‘T = *Tie(P)
[NiL,]SO4-2H,0 36496 T — ¥ 9708 854.8 0.828 Octahedral
25906 PAsg = Tog
16025 *Ase = T
9708 *Aze = Tig (P)
[MnL,]SO4-3H,0 34722 n — n* - - - Octahedral
30862 CT
Table 6 EPR data of the Cu(Il) complex
100
Compound g H/mT 0
8l g1 H H, 807
[CuL,]S04-2H,0 (1) 2.3027 2.1011 293.155 321.288 60 -
X 7
> . .
B = ] 'Exo - ED
> 404 \gg-h_ l/»—'—/ E
2000 .
20 T
1o
_J\/\ 300 400 500 600 700 800 900 —4-2
04 Temperature/K TG
> 04
:T T T T
£ 2000 400 600 800 1000
s Temperature/K
&
£ —4000 4 Fig. 4 TG/DTA and DSC curves of L
-6000
100
DTG |
-8000 —1"-—+—"1-"-+—"--7-—-"-"7-—""7"—7—""—"T"T""T7" 30
2400 2600 2600 3000 3200 3400 3600 3800 4000 4200 1 DTA
Magnetic field/mT F
& 607 z ‘ \ .-"‘\_).'r‘i 7
Fig. 3 EPR spectrum of Cu(Il) complex at room temperature Z £ [ | 105 é
< <) .
= 40 2 1 2
decomposition shows a strong exothermal effect with three i
overlapping peaks, with maximum at 301, 344 and 442 °C. 200 Temperature/K
The decomposition heat was evaluated neglecting this partial 1 Exo 1o
... . . . . 0
superposition. The final remaining residue, estimated as
cooper oxide, has the observed mass 6.88% as against the 400 600 300 1000
calculated value of 10.42%. The total mass loss is in dis- Temperature/K

agreement with TG results, due to the partial expulsion of
residue during the violent thermal decomposition. Similar
decomposition behaviours are shown in literature [37-39].
The thermal decomposition of the Co(II) complex
undergoes in three stages (Fig. 6). The thermal dehydration
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Fig. 5 TG/DTA and DSC curves of [CuL,]SO4-2H,0

of this complex takes place between 50 and 90 °C, with a
mass loss of 4.53% (calc. 4.74%). Two moles of lattice
water molecules are removed in this stage of dehydration.
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Fig. 6 TG/DTA and DSC curves of [CoL,]SO,2H,0 Fig. 8 TG/DTA and DSC curves of [MnL,]SO,-3H.0
1004 DTG stage occurs in the 80-390 °C temperature range, with the
00 mass loss (49.86%), which is due to the decomposition
%0 ' process (removal of one molecule of SO; and one molecule
of ligand). This step is accompanied by an exothermal
604 process at 335 °C in DSC curve. With heating, at
S . A 05 5 K min~', the decomposition of Ni(Il) complex starts
5 B0l k= . . .
é 404 Bl I g with melting (the shoulder observed on the endothermic
L g peak at 296 °C in DTG curve) and then decompose. The
. : — 1 L progressive decrease of TG curve can be observed. An
i ¢ explanation could be that at small heating rates and small
0 quantities of sample, the compound has the sufficient time
- R — 1 to absorb heat and to transfer from the solid to the liquid
400 600 800 1000 1200 phase by loosening some bond in the crystal lattice [40,
Temperature/K 41]. The third stage occurs between 380 and 800 °C, cor-

Fig. 7 TG/DTA and DSC curves of [NiL,]SO4-2H,0

The process is accompanied by endothermic effects at 64
and 94 °C in DTA and DSC curves, respectively. The next
step between 90 and 480 °C with peak temperatures at 339
and 343 °C in DTA and DSC curves, respectively, corre-
sponds to the decomposition of one part of the ligand and
the removal of one molecule of SO3. It was observed that
the decomposition starts without melting. The observed
mass loss for this stage is 65.50% (calc. 66.24%). The third
stage, which occurs in the temperature range 480 and
585 °C, corresponds to the decomposition of the remaining
part of the ligand. The end product estimated as CoO, has
the observed mass of 9.12%, compared with the calculated
value of 9.87%.

The thermal decomposition of Ni(II) complex undergo
in three stages (Fig. 7). The first DTA peak at 63 °C, in the
temperature range 60-80 °C, with the mass loss (exp.
4.61%; calc. 4.74%) corresponds to the loss of two lattice
water molecules. This process is further supported by
endothermic effect at 78 °C in DSC curve. The second

responding to the decomposition of the remaining part of
the ligand with a mass loss of 38.51% (calc. 39.80%). This
process is accompanied by two exothermal effects at 495
and 630 °C in the DTA curve, and 471 and 535 °C in the
DSC curve, respectively. The final residue, estimated as
free Ni [42-45], has the observed mass 7.02% (calc.
7.77%). In case of Ni(Il) complex the percentage of the
residue is less that the calculated value corresponding to
the full decomposition to the metal so there must be oxide
left.

The thermal decomposition of the Mn(II) complex
undergoes in three stages (Fig. 8). The thermal dehydration
begins at 50 °C and ends at 116 °C with a DTA peak at
108 °C. The observed mass loss (exp. 9.73%; calc. 8.48%)
is attributed to the dehydration process. Three moles of
lattice water molecules are removed in this stage of
dehydration. Because the heat of dehydration calculated
from DSC curve have a value of 344.06 Jg~' suggests that
the water molecules are strongly kept in the crystal lattice
of the complex. The second stage, which occurs in the
temperature range 116—403 °C with DTA peak at 389 °C
and DSC peak at 391 °C, corresponding to the removal of
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Fig. 9 Structural formula propose for [ML,]SO4xH,O complexes
type M = Cu**, Co®T, Ni*", x = 2; M = Mn*", x = 3

SO; molecule and of one part to the ligand. The third stage
is related to the decomposition of the remaining part of the
ligand in the temperature range of 403-650 °C with two
DTA peaks at 598 and 618 °C, respectively. The overall
mass loss is observed to be 27.25% (calc. 28.00%). This
process is supported by an exothermal peak at 483 °C, in
DSC curve. The final residue, estimated as manganese
oxide with organic residue [46], has the observed mass
21.37% (calc. 20.11%).

The spectral (IR, electronic and UV-Vis—NIR) and
magnetic data together with conductance measurements
enable us to predict the possible structural formula for the
metal complexes which are also supported by the thermal
decomposition studies, as shown in Fig. 9.

Conclusions

Four new complexes of Cu (II), Co (II), Ni (II) and Mn(II)
with 2-benzoyl-pyridil-isonicotinoylhydrazone (L) were
synthesised and characterised. The structure of the L
hydrazone was established by X-ray study on single crys-
tal. The spectroscopic data show that the Schiff base ligand
acts as tridentate NNO, being coordinated through the
azomethine nitrogen, the pyridine nitrogen and carbonylic
oxygen. The thermal decomposition of all studied com-
plexes begins by the release of water, bonded as lattice
water. Dehydration begins at 50-100 °C. Next, the anhy-
drous complexes decompose, in two steps, to the metal
oxide. In the case of Ni(Il) complex the final residue is
estimated as free nickel. The results show that the thermal
decomposition of studied complexes is consistent with the
elemental and spectral analysis.

Supplementary material

Crystallographic data for the structure in this article have
been deposited with the Cambridge Crystallographic Data
Centre, CCDC numbers: CCDC 745252. This data can be
obtained free of charge at http://www.ccdc.cam.ac.uk/
deposit (or from the Cambridge Crystallographic Data
Centre, 12, Union Road, Cambridge, CB2 1EZ, UK; Tel:
(44) 01223 762910; Fax: (44) 01223 336033; Email:
deposit@ccdc.cam.ac.uk).
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