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Abstract: New complexes of isonicotinic acid 2-(9-anthrylmethylene)-hydrazi-
de with Cu(Il), Co(Il) and Ni(Il) have been prepared and characterized by ana-
lytical and physico—chemical techniques, such as elemental and thermal ana-
lyses, magnetic susceptibility and conductivity measurements, and eectronic, EPR
and IR spectral studies. The infrared spectral studies revealed the bidentate or
monodentate nature of the Schiff base in the complexes; the pyridine nitrogen
does not participate in the coordination. A tetrahedral geometry is suggested
for the nitrate complexes and an octahedral geometry for the others. Thermal
studies support the chemical formulation of these complexes.

Keywords: IR spectra; isonicotinoylhydrazone; Schiff base; transition metal
complexes; thermal analysis.

INTRODUCTION

It is generally known that hydrazones have significant antimicrobial, anti-
convulsant, analgesic, anti-inflammatory and antitumoral activities. The re-
markable biological activity of acid hydrazides R-CO-NH-NH>, their corres-
ponding aroylhydrazones R—-CO-NH-N=CH-R’, and the dependence of their ac-
tivity on the mode of chelating with transition metal ions have been of significant
importance in the past.”-10 Thermal analysis techniques (DTA, TG, DSC) play
an important role in the study of the structure of metal complexes.11-16

As a continuation of our interest in the coordination behavior of Schiff bases
with isonicotinoylhydrazones,1? the synthesis and characterization of a series of
copper(1l), cobalt(l1) and nickel (1) complexes with the isonicotinic acid 2-(9-an-
thrylmethylene)-hydrazide ligand are reported herein.

* Corresponding author. E-mail: maridianu@yahoo.com
doi: 10.2298/JSC091113121D
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1516 DIANU et al.

EXPERIMENTAL
Materials

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

Methods and apparatus

The Schiff base ligand was prepared by a known method.18 The metal(11) contents were
determined by literature methods.2® The carbon, hydrogen and nitrogen contents were deter-
mined using CHNS-O elemental combustion analysis with a Costech elemental analyzer,
model ECS 4010. The melting temperatures of the complexes were directly measured with
SMPI Melting Point apparatus. The molar conductance of the complexes was measured at a
concentration of 1.0x10 M in DMF at room temperature using a Consort type C-533
conductivity instrument. The IR spectra were recorded between 4000-400 cml in KBr pellets
with a Bio-Rad FTS-135 instrument. The reflectance spectra of the complexes were recorded
on a Jasco V-670 spectrophotometer. The EPR spectra for the copper(ll) complexes were
recorded using a Jeol JES-FA 100 X-band frequency spectrometer. Measurements of the
magnetic susceptibility were realized at room temperature using the Faraday method and were
corrected for diamagnetism.

The thermal experiments were performed on a Mettler Toledo TGA/SDTA 851€ thermal
analyzer, within the temperature range 25-1000 °C, and a Mettler Toledo DSC 853¢ differen-
tial scanning calorimeter, within the temperature range 25-600 °C. The TG curves were re-
corded under a dynamic nitrogen atmosphere at a flow rate of 50 mL min'l and at a heating
rate of 10 K min-1. The DSC curves were obtained under a dynamic nitrogen atmosphere at 80
mL min! flow rate and the same heating rate. The samples were held in aluminum crucibles
for the DSC experiments and Al,O5 crucibles for the TG/SDTA experiments, with a pinhole
in the lid, for both methods, to prevent pressure build up due to gaseous products. The 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 represented approximately 30-40 % of
the initial value for all the studied complexes. The TG and DSC curves were used to charac-
terize the variation of mass and also thermal changes during the linear heating.

Synthesis of complexes

A methanolic solution (10 mL) of isonicotinoylhydrazide (1.0x103 M) and a methanolic
solution (20 mL) of 9-anthraldehyde (1.0x10"3 M) were mixed with constant stirring at 50 °C
for 30 min. The preparation of the complexes was performed by mixing methanolic solutions
(1.0x103 M, 20 mL) of metal (Cu(ll), Co(I1) and Ni(l1)) salts (nitrate, acetate and perchlorate)
to a cold methanolic solution of the ligand. The reaction mixture was stirred under reflux for 3
h. The obtained precipitates were filtered, washed with methanol and dried under vacuum on
anhydrous CaCl,.

RESULTS AND DISCUSSION

The synthesized complexes have the general formulae ML 2X2-xH20, where
M = Cu(ll), Co(Il) or Ni(ll), L = Schiff base (Fig. 1) and X = NO3~, ClO4~ or
CH3COO.

The complexes were characterized based on elemental analyses, magnetic
susceptibility and electronic conductibility measurements, IR, UV—-Vis-NIR and
EPR spectroscopy and thermal studies. The M(11) complexes were colored pow-
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TRANSITION METAL COMPLEXES WITH ISONICOTINIC ACID 2-(9-ANTHRYLMETHY LENE)-HYDRAZIDE 1517

ders with high melting points. They were soluble in acetone, DMF and DM SO
and insoluble in methanol, ethanol, CHCl3, CH5Cl» and CCl 4.

Z SN

|

\N/H S

Fig. 1. Structural formula of isonico-
tinic acid 2-(9-anthrylmethylene)-hy-
drazide (L).

The analytical and physical data (color, melting point and molar conductivity
in DMF (1.0x10-3 M, at room temperature)) of the complexes are given in Table
I. The molar conductivity values show that the nitrate and perchlorate complexes
were 1:2 electrolytes and the acetate complexes were non-el ectrolytes.20

TABLE |. Anaytical and physical data of the complexes

Found (Calcd.), % M.p. Ay®
Compound Color C v N M °c  orem? molt
[CuL,(H,0)5](NO3),-2H,O Green 56.03 411 1296 655 >320 154
m (55.41) (4.21) (12.31) (6.98)
[NiL,(H,0),](NOs)»4H,0 Yellowish 5421 426 1254 597 >320 148
(1)) green (53.57) (4.49) (11.90) (6.23)
[CuLx(H,0),](ClOy), Reddish 5388 334 916 6.23 285" 137
() (53.14) (3.61) (8.85) (6.69)
[CoL »(H,0),](ClO,), Brick-red- 5412 328 921 598 260° 175
(1v) -colored (53.40) (3.63) (8.89) (6.24)
[NiL,(H20)2](CIOy), Orange 5369 376 926 6.32 250° 143
V) (53.41) (3.63) (8.90) (6.21)
[CuL,(CHsCOO0),] Khaki 66.82 4.12 1032 7.24 >320 34
(V1) (66.37) (4.36) (10.09) (7.63)
[CoL(CHsCOO),]-2H,O  Brown- 6442 433 1016 6.63 >320 5.2
(V1) reddish (63.96) (4.67) (9.73) (6.82)
[NiL,(CH3COO0),] Green- 68.09 455 1048 7.24 >320 45
(VI khaki  (66.76) (4.38) (10.16) (7.09)

3With decomposition

Infrared spectra

The IR spectra of the Schiff base (L) and its metal complexes were recorded
between 4000-400 cm~1 and the obtained data are summarized in Table 1l with
some assignments of the important characteristic bands.
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1518 DIANU et al.

TABLE Il. The characteristic IR bands (cmrl) of the ligand and the complexes (X~ = NOg,
CIO4, CH3COO")

v(C=0) v(C=N) &(N-H)

Compound v(O-H) Amide| Azomethine Amidell  “X pr(H20)
Ligand (L) — 1654 1597 1520 _ _
[CUL,(H,0)](NO),2H,0 (1) 3421 1652 1558 1507 1384 849
[NiLo(H,0),](NO;),4H,0 (1) 3430 1653 1550 1510 1384 849
[CuL,(H,0),](CIO), (I11) 3430 1637 1569 1510 1106,v; 850
623, V4
[CoL»(H,0),](ClO), (1V) 3367 1635 1551 1521 1088 vs 841
625, Vg
[NiL»(H,0),](ClO), (V) 3420 1661 1564 1519 1108, v; 845
625, v,
[CuL,(CH,CO0),] (V1) ~ 1653 1557 1520 1570, -
Vagym
1493,
Vsym
[COL,(CHsCOO),]2H,0 (VII) 3390 1652 1547 1521 1571, -
Vagym
1498,
Vsym
[NiL5(CH,CO0),] (VI11) ~ 1653 1550 1522 1572, -
Vagym
1450,
Vgym

The IR spectra of the complexes |-V and VII showed a broad band at 3400
cm1 that can be assigned to the v5(OH) and vg(OH) vibration modes from water
molecules.2! The presence of coordinated water was confirmed by the medium
strength bands at 840-850 cm3, characteristic of py(H0) frequencies. These
bands were not observed in the spectra of the complexes VI and V111, indicating
the absence of coordinated water molecules.

The IR spectrum of the ligand exhibits two medium bands at 3196 and 3047
cm1, which can be ascribed to the asymmetric and symmetric vibrational fre-
quencies of the NH amide group, respectively. The band at 1520 cm1 was as-
signed to 6(N—H) of amide |1. This band appeared in the spectra of the ligand and
complexes at the same position, confirming that the nitrogen atom of the NH mo-
iety does not participate in the coordination. The observed minor shift to lower
frequencies of 8(N—H) (amide Il) for some complexes (I-111) may be due to the
presence of the amide group in a chelate system rather than in the open system of
the ligand.14

The band at 1654 cm~1, attributable to the v(C=0) stretching vibration of the
Schiff base ligand® is shifted to another region in the complexes 111-V, indi-
cating coordination of the carbonyl oxygen to the metal ions. The presence of bands
at 520-550 cm1 in the IR spectra of complexes I11-V is due to M—O stretching
vibrations.23
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TRANSITION METAL COMPLEXES WITH ISONICOTINIC ACID 2-(9-ANTHRYLMETHY LENE)-HYDRAZIDE 1519

The azomethine band at 1597 cm1 was shifted to lower frequencies in the
spectra of al the complexes, confirming the participation of the azomethine nit-
rogen atom in the coordination of the metal ions. In the IR spectra of these com-
plexes, the new bands which appear in the 460-420 cm! region are assigned to
the v(M—N) vibration.17

The band at 1623 cm1, assigned to the vibration of the pyridine ring, re-
mains at the same position in the spectra of the ligand and complexes, confirming
that the nitrogen of pyridine group does not participate in the coordination.

The strong sharp band observed at 1384 cm2 in the complexes | and Il can
be assigned to uncoordinated nitrate ion.24 In the IR spectra of complexes I11-V,
the presence of strong vz at about 1100 cm and medium v4 at 625 cm1 bands
indicates that the Tq symmetry of the perchlorate anion is maintained.2> The IR
spectra of the acetate complexes VI-VIII display two bands assigned to the
bidentate coordination of the acetate group (Av = vasym — vsym, Which were in the
73-122 cmr range) .26

All of these IR data confirm a bidentate ligand coordination for complexes
I11-V and a monodentate one for the others.

Electronic and EPR spectra

In order to obtain information concerning the stereochemistry of the metal
ions, the UV—-Vis spectra of the ligand and complexes were recorded in the solid
phase. The electronic spectral data and the magnetic moments for the ligand and
itscomplexes are given in Table 1.

TABLE Il1. Electronic spectral data and magnetic moments for the ligand and its complexes
Ob%rved bandS ,uEff

Compound e/ nm Assignments Symmetry
Ligand (L) 37313/ 268 n— - -
24752 | 404 n—m*
[CuL5(H,0),](NO3),"2H,0 (1) 26316 / 380 n-m 214 Td
14925 / 670 ET
[NiL»(H50),](NOs),4H,0 (11) 39062 / 256 - 4.45 Td
25252 / 396 n— m*
17241/ 580 (v5) T, - TP
9950/ 1005 (vy) .50,
[CuL(H,0),](CIO), (I111) 19608 / 510 TS 1.77 Distorted
14204/ 704 (V]_ + V2) dxz, dyz g dx2_y2 Oh (D4h)
11223/ 891 (v) Chy — 02,2
dzz N dxz-vz
[CoL 5(H,0),](ClO,), (1V) 41841/ 239 n— 5.57 Oh
25445 / 393 n— m*
20576/ 486 (va)  “Tig— ‘Ti(P)
8802 / 1136 (vy) “Tig— *Tag
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TABLE Ill. Continued

DIANU et al.

Compound Obsct:rn\_/le/d nbrinds Assignments "; e;f Symmetry
[NiL»(H,0),](ClOy), (V) 39682 / 252 n— m* 3.05 Oh
25445 | 393 n—
16129/ 620 (v,) Ay — *Toy(F)
10438/ 958 (v4) Pog— Tog
[CuL ,(CH3CO0),] (VI) 24096 / 415 TS 2.27 Oh
12820/ 780 2B, — 2Ty
[CoL 5(CH4CO0);]-2H,0 (V1) 25125/ 398 n— o 5.26 Oh
18182/ 550 (v,) Ty — Ti(P)
9901/ 1010 (V]_) 19— 29
[NiL,(CH5COO0),] (VIII) 39682/ 252 T —> m* 334 Oh
25252 / 396 n— n*
15949/ 627 (v.) Ay — *Toy(F)
10309 / 970 (vy) Asy — *Tog

The UV—-Vis spectrum of the Schiff base ligand is characterized mainly by
two absorption bands at 37313 (268 nm) and 24752 cnm1 (404 nm), which may
be assignhed to t — ©* and n — n* transitions. These transitions were aso found
in the spectra of the complexes, but they were shifted towards lower frequencies,
confirming the coordination of the ligand to the metal ions.

The electronic spectrum of complex | showed a broad band at 14925 cm 2,
due to the 2E — 2T transition, in a tetrahedral geometry around the cooper(ll)
ion. The electronic spectra of complex |11 showed absorption bands at 14204 and
11223 cmrL, assignable to dyy, dy, — dyey2 + Oy — ey (v + vo) and dp —
— dya_y2 (v3), respectively.?” This is consistent for a D4n geometry with a dis-
torted octahedral environment around the cooper(l1) ion. The absorption band at
19608 cm—1 may be reasonably assigned to a charge transfer transition.

The electronic spectrum of complex V1 showed a broad band at 12820 cm 2,
corresponding to a 2Eq — 2Tg transition in an octahedral stereochemistry around
the cooper(ll) ion. The observed magnetic moments 1.77 and 2.27 up, for the
complexes 111 and VI, respectively, usually correspond to an octahedral geo-
metry.28

The electronic spectra of the Co(ll) complexes 1V and V11 of high-spin sys-
tems exhibited bands at 8802 and 20576 cm1 for complex 1V and at 9901 and
18182 cmrL for complex V11, which may be assigned to vy, 4T1g — 4Tog and v3,
4T1g — 4T1¢(P) transitions, respectively. The observed magnetic moment values
of 5.57 and 5.26 g for the Co(ll) complexes suggest an octahedral geometry.29

The electronic spectra of the Ni(l1) complexes V and VIII also showed two
bands at ~ 16000 and =~ 10400 cmL, assignable to Ay — 3T14(F) (v2) and
3A2g — 3Toq (v1) transitions, respectively, in an octahedral geometry. The obser-
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TRANSITION METAL COMPLEXES WITH ISONICOTINIC ACID 2-(9-ANTHRYLMETHY LENE)-HYDRAZIDE 1521

ved magnetic moment values 3.05 and 3.34 ug for the complexes V and VIlII
may be taken as additional evidence for their octahedral structure.2®

The complex 11 displayed two bands at 9950 and 17241 cmi, due to vq:
3T1 — 3T, and v3: 3T — 3T4(P) transitions, respectively, and also, the magnetic
moment value 4.45 up indicates to a possible tetrahedral geometry.30

The ligand field splitting energy (10Dq), interelectronic repulsion parameter
(B) and nephelauxetic ratio (f) for the Co(ll) and Ni(ll) complexes were cal-
culated using the secular equations given by Konig.31-33

For the Ni(Il) complexesV and VII1:

10Dg =v; )
2.2
_ 2vy +v5 + 3y, @
15v, — 27w
For the Ni(Il) complex 11 and the Co(ll) complexes |V and VII:
10Dq = 2v; —v; +15B (3)
1 2, 2
B:%\/—<2vl—v3)+(—v1 +v3+v1v3) 4

The values of the Racach parameter determined for the Ni(Il) and Co(ll)
complexes are lower than usually observed for the free ions, 1041 and 971 cm,
respectively. The nephelauxetic ratio S depends on the ligand position on the
nephel auxetic scale, indicating at the same time the degree of metal-igand bond
covalence.34 For these complexes, the lower values suggest a larger degree of
covalence.

The values of the electronic parameters, the ligand field splitting energy, the
Racach interelectronic repulsion parameter and the nephelauxetic ratio are
summarizedin Table 1V.

TABLE IV. Electronic parameters of the Co(l1) and Ni(I1) complexes

Compound 10Dq/ cm™ B/cm™® i}
[NiL2(H0),] (NO3),-4H,0 (1) 10944 552 0.53
[NiL(H,0),](ClO,), (V) 10438 677 0.65
[NiL,(CHsCOO0),] (VII1) 10309 673 0.65
[CoL»(H,0),](CIO), (1V) 9992 864 0.89
[CoL ,(CH5CO0),]-2H,0 (VI1) 10966 623 0.64

The room temperature EPR spectra of the Cu(ll) complexes I, 111 and VI

were recorded in solid state. From the EPR spectrum of complex | the exact
geometry of the metal ion cannot be proposed. The “g” parameters have only one
value (Gisotropic = 2.14). The electronic spectra, the moment magnetic value and
the relative isotropy of the“g” parameters indicate to the tetrahedral geometry of
complex 1.
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1522 DIANU et al.

An analysis of the EPR spectrum of complex |1l gave g = 215 and g; =
= 2.07. The trend gj > g,,% which was observed for this complex, indicates a
distorted octahedral geometry.

The EPR spectrum of complex VI displayed an isotropic signal with g; =
= 2.12. The spectral data, magnetic susceptibility and isotropic value of the “g”
factor suggest an octahedral geometry for this complex.

Thermal analysis

Therma analysis by the TG and DSC techniques has proved to be very
useful in determining the crystal water content in complexes and their thermal
stability and decomposition mode under a controlled heating rate. Due to the
explosive nature of perchlorate complexes, the thermal properties of only the nit-
rate and acetate complexes were investigated.36.37

The determined temperature ranges and the corresponding percent mass
lossesaregivenin Table V.

The DSC curves of the Schiff base ligand (Fig. 2) showed a melting process
located at 545.16 K (peak temperature) with AH = 118.5 J g (evaluated as the
area of the endothermal DSC peak). The melting process is followed by exo-
thermal decomposition with maximum at Tiax = 600.16 K. The evaluation of the
exothermal peak area gives avalue of AH = —465.4Jg1.

The thermal behavior of the complexes depended on the nature and the
environment around the metal ion. The TG/DTG and DSC curves of
[CuL2(H20)2](NO3)2-:2H20 complex are represented in Fig. 3. The decompo-
sition of Cu(Il) complex occurred in three stages.

The TG/DTG curves of [CuL2(H20)2](NO3)2-2H20 complex (1) showed a
mass loss between 303.16 and 391.16 K due to dehydration with a loss of two
|attice water molecules (exp. 3.65, calcd. 3.96 %). The second stage, from 391.16
to 429.16 K, corresponded to the elimination of two molecules of HNO338:39
accompanied by the removal of two coordinated water molecules. The processes
of elimination of molecules are indicated by the exothermal peak at 422.7 K on
the DSC curve with AH = —951.22 Jg1. The final stage, which occurred in the
429.16-1259.16 K temperature range, appeared as a complex process with more
than one exothermal peak. The overall mass |oss was observed to be 54.38 %. On
DSC curve, the violent decomposition showed a strong exothermal effect with
two overlapping peaks with a heat of decomposition (calculated as the peak area
neglecting the partial superposition) of AH = — 4670.22 J g-1. This exothermal
process is followed by another one with a maximum at 600.74 K and AH =
=-948.57 JgL.Thefina residue, estimated as CuO and carbon3940, was 23.7 %.

The TG/DTG and DSC curves of the [NiL2(H20)2](NO3)2:4H>0O complex
arerepresented in Fig. 4.
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TABLE V. Thermoanalytical results for the M(I1) complexes

TRANSITION METAL COMPLEXES WITH ISONICOTINIC ACID 2-(9-ANTHRYLMETHY LENE)-HYDRAZIDE 1523

Mass loss (found

Compound TG range, K (calcd.), %) Assignments
[CuL,(H;0)5](NO3),-2H,O  303.16-391.16  3.65(3.96) Loss of 2 lattice water
molecules
391.16-429.16 18.29(17.80) Lossof 2 coordinated water
molecules + 2HNO;
429.16-1259.16 54.38 Removal of the ligand
>1259.16 23.68 Cu0+C
[NiL»(H,0);](NOs)»4H,0  303.16-393.16  7.47 (7.64) Loss of 4 lattice water
molecules
393.16-537.16  26.40(25.60) Loss of 2 coordinated water
molecules + 2 HNOg+
removal of one Py molecule
537.16-1123.16 39.51 Removal of the ligand
>1123.16 26.62 NiO+C
Cu(L),(CH5;COO0), 478.16-523.16  19.45(19.00) Removal of two Py molecules
523.16-634.16 66.01 (66.15) Removal of the ligand
634.16-713.16 5.11 (5.29) Loss of CO, molecule
>713.16 9.42 (9.56) CuO
[CoL,(CHsCOO0),]-2H,0 388.16-458.16  3.88(4.17) Loss of 2 |attice water
molecules
505.16-563.16 18.72(18.31) Removal of two Py molecules
563.16-663.16 64.24 (63.13) Removal of the ligand
663.16—-718.16 4.88 (5.10) Loss of CO, molecule
>445 9.04 (9.29) Co50,
Ni(L),(CHsCOO), 538.16-603.16  19.18 (19.12) Removal of two Py molecules
603.16-733.16  66.42 (66.54) Removal of the ligand
733.16-773.16 5.46 (5.32) Loss of CO, molecule
>773.16 8.94 (9.02) NiO
12
8
=
g
£ 4
=
5,
T
4 4
300 500 600 700 Fig. 2. DSC curve of the li-

Temperature, K

gand.
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Fig. 3. TG, DTG and DSC (inset) curves of [CuL ,(H,0),](NO3),-2H,0 (1).

100 —
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Fig. 4. TG, DTG and DSC (inset) curves of [NiL,(H20)2](NO3)2:4H20 (11).

The [NiL2(H20)2](NO3)2-4H,0O complex showed amost the same three-
-stage decomposition process. The first stage occurred in the temperature range
303.16-393.16 K, with a mass loss of 7.47 % due to the removal of four lattice
water molecules (calcd. 7.64 %). The second step, between 393.16 and 537.16 K,
was complex and was also due to the loss of two coordinated water molecules
together with the loss of two molecules of HNO3 and one molecule of pyridine.
The decomposition processis indicated by the DSC peak at 471.18 K, with AH =
= —641.11 J gL. The third stage (from 537.16-1123.16 K) was due to the total
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TRANSITION METAL COMPLEXES WITH ISONICOTINIC ACID 2-(9-ANTHRYLMETHY LENE)-HYDRAZIDE 1525

decomposition of the ligand. The observed mass loss was 39.51 %. This step was
accompanied by an exothermal process at 658.69 K on the DSC curve, with
AH = —7028.00 J gL. The residue at 1123.16 K amounted to 26.62 % and cor-
responded to nickel oxide and carbon.39:40

The absence of any mass loss under 473.16 K indicates that the Cu(ll) and
Ni(Il) acetate complexes contained neither coordinated water molecules nor wa-
ter of crystallization. Their thermal decompositions revealed them to be anhyd-
rous, which is consistent with the elemental and spectral data.

The thermal decomposition of Cu(L)2(CH3COO), proceeded in three stages.
The TG, DTG and DSC curves are given in Fig. 5. The complex was stable up to
478.16 K. Thefirst step of thermal decomposition occurred in the range 478.16—
—523.16 K and corresponds to the remova of two pyridine molecules (exp. 19.45,
calcd. 19.00 %). The second (from 523.16-643.16 K) and third (from 643.16—
—713.16 K) stages may be due to the removal of the remaining part of the ligand
and the acetate group.#1 The observed mass losses in these temperature ranges
were 66.01 (calcd. 66.15 %) and 5.11 % (calcd. 5.92 %), respectively. On the DSC
curve, the decomposition process is complex with at least three exothermal peaks
with AH = —8234.40 J g1 (obtained as the peak area in the 523.16-643.16 K
temperature range, neglecting the partial superposition). The residue, estimated
as copper oxide, had a mass of 9.42 %, compared with the calculated value of
9.56 %.

<20 -

A
S
1

o}
o
1

Mass loss, %

-80

-100

300 400 500 600 700 800 900 1000
Temperature, K

Fig. 5. TG, DTG and DSC (inset) curves of Cu(L),(CH3COO), (V1).
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1526 DIANU et al.

The TG, DTG and DSC curves of [ColLo(CH3COQO)2]-2H20 are shown in
Fig. 6. The therma decomposition of the Co(ll) acetate complex proceeded in
four stages. The thermal dehydration of this complex occurred between 388.16
and 458.16 K, with a mass loss of 3.88 % (calcd. 4.17 %). Two moles of lattice
water molecules were removed in this dehydration stage. The process was ac-
companied by an endothermal effect at 425.78 K on the DSC curve, with AH =
= 163.59 J gL. The elimination of crystal water molecules at = 426 K suggests
that these are strongly bound in the crystal lattice of the complex.3° The second
(from 505.16-563.16 K) and third (from 563.16-663.16 K) stages may be due to
the decomposition of ligand with an observed mass losses of 18.72 (calcd. 18.31 %)
and 64.24 % (calcd. 63.13 %), respectively. These steps were accompanied by a
complex decomposition process with three consecutive and overlapping exother-
mal peaks on the DSC curve, with AH = -1303.68 J g~ (obtained as the peak
area in the 453.16-603.16 K temperature range, neglecting the partial superpo-
sition). The fourth stage occurred in the 663.16-718.16 K temperature range,
corresponding to the loss of the acetate group, with a mass loss of 4.88 % (calcd.
5.10 %). The process is indicated by the DSC peak with maximum at 718.16 K.
The heat of decomposition had a value of AH = -314.35 JgL. The final residue,
estimated as Co304,4243 had a mass of 9.04 %, compared to the calculated value
of 9.29 %.
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Temperature, K

Fig. 6. TG, DTG and DSC (inset) curves of [CoL,(CH3COO),]-2H,0 (VI1).
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As predicted, the Ni(Il) acetate complex was stable up to 538.16 K. The TG,
DTG and DSC curves are shown in Fig. 7. According to the TG analysis, the
thermal decomposition of this complex was a three-stage process. The first mass
loss occurred between 538.16 and 603.16 K, with two exothermal peaks on the
DSC curve at 545.16 K, with AH = —241.13 J g1 and 582.46 K, with AH =
= -92.15 J g1, and is attributed to the removal of two molecules of pyridine
(exp. 19.18, calcd. 19.12 %). The removal of the remaining part of the ligand fol-
lowed in the second stage, between 603.16 and 733.16 K, with a mass loss of
66.42 % (calcd. 66.54 %). The process was indicated by the DSC peak at 698.03
K, with AH = =3174.03 J g~L. The third stage between 733.16-773.16 K with a
DSC peak at 790.76 K and AH = —2689.41 J g1 corresponds to the loss of the
acetate group. The observed mass loss was 5.46 %, which is consistent with the
theoretical value of 5.32 %. The residue, estimated as NiO, had a mass of 8.94 %,
compared with the calcul ated value of 9.02 %.
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Fig. 7. TG, DTA and DSC (inset) curves of Ni(L),(CH3COO), (VI111).

From the thermal investigation of the Cu(ll) and Ni(ll) acetate complexes, it
can be concluded that the decomposition proceeds in the following three stages:
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M (C21H15N30), (CHZCO0), () =M (CygHyoN,O) , (CHZCOO) , (5) +2C5HsN(g)
M(C;gH1oN,0), (CHZC00), (5)+93/20, (g) — MCOy(s) +36CO, (g) +
+13H,0(g) +4NO, ()

MCOj,(s) - MO(s)+CO,(g)

where M is Cu(ll) or Ni(Il).

Based on the above analytical, spectral and magnetic data together with the
thermal decomposition studies, the structural formula and the stoichiometry, gi-
venin Fig. 8, are proposed.

2

(NO3)+ xH0

M=Cu(IT) x=2, N i(II) x=4

(Cl0y),

M=Cu(II), Co(II), Ni(II)
Fig. 8. Structural formula of the ML ,X5-xH,O complexes.
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QK \N__-::-CH
O / «xH,0
H‘(‘% o

M=Cu(II), Ni(IT) x=0, Co(II) x=2
Fig. 8 (continued). Structural formula of the ML ,X5-xH,O complexes.

CONCLUSIONS

Eight new complexes of Cu(ll), Co(Il) and Ni(ll) with isonicotinic acid 2-(9-
anthrylmethylene)-hydrazide were synthesized and characterized by analytical,
spectral and thermal studies. The spectral studies indicated that hydrazone act as
a neutral monodentate ligand coordinating through the nitrogen of the
azomethine group or as a bidentate ligand using both the azomethine nitrogen
and the amide oxygen. The nitrate complexes have a tetrahedral geometry and
the others an octahedral one around the metal ion. The thermal decomposition of
the hydrated I, 11 and VII complexes began with the release of crystalization
water in the first stage. During heating, the nitrate complexes lost two
coordinated water molecules in the second stage. The anhydrous acetate
complexes of Cu(ll) and Ni(ll) were the most stable. Their decomposition
commenced above 473.16 K. The thermal data are in agreement with the spectral
and elemental data.
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U3BOA

KOMIIJIEKCH ITPEJIABHUX METAJIA(I1) CA 2-(9-AHTPUJIMETUJIEH)XUPA3UJIOM
N30HUKOTHMHCKE KMCEJIMHE

MARIANA LOREDANA DIANUY, ANGELA KRIZA®, NICOLAE STANICA? u ADINA MAGDALENA MUSUC?

Yuni versity of Bucharest, Faculty of Chemistry, Department of Inorganic Chemistry, 23 Dumbrava Rosie &.,
020464 Bucharest « 2Romanian Academy, ,, Ilie Murgulescu” Institute of Physical Chemistry, 202 Spl.
Independentei, P.O. Box 12—194, 060021 Bucharest, Romania

CunrernsoBanu cy u okapakrepucanu HoBu komiutekcu Cu(ll), Co(Il) u Ni(ll) ca 2-(9-an-
TPHJIMETHJICH)XUPAa31I0M H30HHKOTHHCKE KHCEIHHE. 3a KapakTepHu3alujy KOMIUIEKca yHoTpeo-
JbEHE CY Pa3IMINTEe aHATUTHYKE U PU3HIKOXEMHjCKE METO/IE, Kao IITO Cy CIEMEHTAlIHA U TepMall-
Ha aHAJIM3a, MardHeTHa W KOHAYKTOMETPHjCcKa Mepema, enekTporckd, ESR u IR cnextpu. Uudpa-
[[PBEHA CMEKTPOCKOIICKA UCITMTHBAMA Cy TOKa3aia Jia Cy y MCIHTHBAHUM KOMIUIEKCHMa OJrOBa-
pajyhu nuranau tuna [Indosux 6a3a MOHOAEHTATHO, WITH OWICHTATHO KOOPAWHOBAHH, Kao U Ja
MUPUIHHCKA aTOM a30Ta KOJI OBHX JIMT'aHa/a He y4ecTBYyje y koopauHauuju. Oxroapajyhum HUT-
paTHUM KOMIUICKCHMA IPHUIHMCAHA je TeTpaeJapcKa, 0K je 3a OCTajle HCIUTHBAHE KOMILICKCE MPeT-
[0CTaBJbeHA OKTaeAapcKa reoMeTpuja. JJOOUBEHN pe3ynTaTd TepMATHUX HCIUTHBAMbA CY Y CKIIady
ca MpeTIOCTaBJLEHIM (POpPMyJiaMa HCITMTHBAHMX KOMILIEKCA.

(Ilpumsbeno 23. HoBemOpa 2009, peuaupano 6. anpria 2010)
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