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Abstract: Mononuclear copper(l1) and nickel(I1) complexes of the formulae
[Cu(LD] (1), [Ni(LD] (2), [Cu(L3)] (3) and [Cu(L3)H,O] (4) (where L1 =N,N'-
-ethyl enebis(4,6-dimethoxysalicylideanaminato), L2 = N,N’-ethylenebis(5-bro-
mosalicylidenaminato) and L3 = N,N’ -ethylenebis(5-bromo-3-methoxysali-
cylidenaminato)) were synthesized as microcrystalline powders and charac-
terized by IR spectroscopy, therma analysis and magnetic measurements. The
magnetic susceptibility of the Cu(ll) complexes changed with temperature
according to the Curie-Weiss law. The complexes 1, 3 and 4 exhibit magnetic
moments of 2.29, 2.20 and 1.88 g, respectively, at 303 K. These values
practically do not change with lowering the temperature to 77 K. The nickel(I1)
complex 2 is diamagnetic.

Keywords: copper(I1) complexes; Schiff base; magnetic properties.

INTRODUCTION

The interest in the synthesis and characterization of transition metal com-
plexes containing Schiff bases lies in their biological and catalytic activity in
many reactions. The transition metal complexes having oxygen and nitrogen do-
nor Schiff bases possess unusual configuration, structural lability and are sensi-
tive to the molecular environment. The environment around the metal center,
such as coordination geometry, humber of coordinated ligands and their donor
group, is a key factor for a metalloprotein to perform specific physiological func-
tions.1-10 Schiff bases offer opportunities for inducing substrate chirality, tuning
the metal centered electronic factor, enhancing solubility and either performing
homogenous or heterogeneous catalyses. Salicylaldimine metal complexes con-
stitute a family of one of the most important systems due to the number of appli-
cations in catalysis and biomimetic chemistry. These compounds can be used as
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1640 CRISTOVAO

components for the assembly of supramolecular architectures, displaying inte-
resting structures and properties,11-14

N,N’ -Ethylenebis(4,6-dimethoxysalicylideneiminato)copper(ll) (1), N,N'-
-ethylenebis(4,6-dimethoxysalicylideneaminato)nickel (11) (2), N,N'-ethylenebis-
(5-bromosalicylideneaminato)copper(l1) (3) and agua(N,N’ -ethylenebis(5-bromo-
-3-methoxysalicylideneaminato)copper(l1) (4) have hitherto not been obtained in
powder form. However in the literature there are papers only about their syn-
thesis and crystal structure determination,1>-18 but there is no the information on
their various properties. Therefore, the aim of this work was to obtain complexes
of Cu(ll) and Ni(Il) with the Schiff base ligands as microcrystalline powder and
to examine some of their physicochemical properties, including thermal stability
in air during heating to 973 K, IR spectral characterization and magnetic be-
havior in the temperature range of 76-303 K.

EXPERIMENTAL
Materials

All chemicals and solvents used for the syntheses were of commercially available re-
agent grade and were used without further purification.
Synthesis of the Schiff bases

All the Schiff base ||gandS (Hle = C20H24N206, H2L2 = C16H14Br2N202, H2|_3 =
= CygH1gBroN,0,4) were prepared by known methods!®21 by the 2:1 condensation of 4,6-
-dimethoxysalicylaldehyde, 5-bromosalicylaldehyde or 5-bromo-3-methoxysalicyladehyde,
respectively, and ethylenediamine in methanol. The Schiff bases were separated as yellow
needles and were recrystallized twice from methanol. The compounds were stable at room
temperature and were characterized by IR spectroscopy and elementa analysis. Anal. Calcd.
for CygH24N,Og (HoLY): C, 61.86; H, 6.19; N, 7.22 %. Found: C, 61.80; H, 6.10; N, 7.12 %.
Anal. Calcd. for CigH14BroN,0, (HoL2): C, 45.07; H, 3.29; N, 6.57 %. Found: C, 45.12; H,
3.10; N, 6.45 %. Anal. Calcd. for CigH1gBroN,O,4 (HoL3): C, 44.46; H, 3.71; N, 5.76 %.
Found: C, 44.36; H, 3.61; N, 5.69 %.

Synthesis of the complexes

Complexes 1, 3 and 4 were obtained by the treatment of copper(ll) nitrate trihydrate (1.0
mmol) with H,L1, H,L2 and H,L3 (1.0 mmol), respectively in methanolic solution under re-
flux. For preparation of the complex 2, nickel(I1) nitrate hexahydrate and H,L! were used. The
reaction mixtures were cooled and the resulting precipitates were filtered off, washed with
diethyl ether and dried.

Methods and apparatus applied

The contents of carbon, hydrogen and nitrogen in the analyzed compounds were deter-
mined by elemental analysis using a CHN 2400 Perkin EImer analyzer.

The contents of copper and nickel were established using an ED—XRF spectrophotometer
(Canberra-Packard).

Single-crystal diffraction data for compounds 1-4 were measured at room temperature in
the @ mode on a Oxford Diffraction Xcalibur CCD diffractometer using graphite-monochro-
mated MoK, radiation (1 = 0.71073 A).
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Cu(ll) AND Ni(ll) COMPLEXES WITH SCHIFF BASE LIGANDS 1641

The infrared spectra of the complexes were recorded in the range of 4000-400 cmt
using an M-80 spectrophotometer (Carl Zeiss, Jena, Germany). Samples for IR spectroscopy
measurements were prepared as KBr discs.

The thermal stability and decomposition of the complexes were studied in air using a
Setsys 16/18 (Setaram) TG/DTA/DSC instrument. The experiments were performed under a
dynamic air atmosphere (flow rate 17 mL min1) in the temperature range of 297-973K at a
heating rate of 5 K min'l. The initial mass of the samples (mg) used for the measurements
were following: 1 — 7.33; 2 — 7.24; 3 — 7.44; 4 — 7.25. The samples were heated in Al,O3
crucibles.

The X-ray diffraction patterns of the final product of thermal decomposition were taken
on a HZG-4 (Carl Zeiss, Jena) diffractometer using Ni filtered CuK,, radiation. The measu-
rements were performed in the 260 range 4-80° by means of the Bragg—Brentano method.

The magnetic susceptibility values of the compounds were determined by the Gouy me-
thod in the temperature range of 76-303 K. The calibrant employed was Hg[ Co(SCN),] for
which a magnetic susceptibility of 1.644x10"> cm3 g1 was taken. Correction for diamagnetism
of the constituent atoms was calculated using Pascal’s constants.??2 The effective magnetic
moment values, K , were calculated from the equation:

Hett = 2.83 (T2
where yy, is the magnetic susceptibility and T is the absol ute temperature.

RESULTS AND DISCUSSION

The elemental analyses (C, H, N and M) data and the IR spectra analysis of
the Schiff base complexes, (Tables | and 11, respectively) showed that they may
be represented by the formulae [CuCogH2oN20g] (1), [NiCogH22N20g] (2),
[CuC16H12BroN202] (3) and [Cu(C1gH16BroN20O4)H20] (4). The structures of
1-4 were aso confirmed by single crystal X-ray diffraction. The unit cell para-
meters of 1 (P21/c, a = 7.5548(2) A, b = 15.8484(4) A, c = 15.7716(4) A, ar= 90°,
=91.013(3)°, y=90° and V = 1888.1(1) A3) and 2 (P2;/c, a=7.5342(3) A, b =
= 15.7566(5) A, ¢ = 15.8626(6)A, or = 90°, S = 91.187(4)°, y=90° and V =
= 1882.7(1) A3) are similar to those reported earlier by Assey et al.1516 Com-
pound 1 is isostructural with 2.15.16 |n addition, the unit cell parameters of 3 (P-1,
a=8.3372(9) A, b =9.6880(11) A, c = 11.0308(12) A, « = 115.259(11)°, B =
= 92.689(9)°, = 101.732(9)° and V = 779.9(2)A3) resemble those described by

TABLE |. Elemental analysis data of the Schiff base complexes
Calcd. (Found), %

Complex Color C v N v
[CUC20H22N206] (l) Brown 53.39 4.89 6.23 14.14
(5329) (462) (6.10) (13.94)
(5365) (472 (511  (13.00)
[CUClGleBerzoz] (3) Brown 39.40 2.46 5.75 13.04
(39.14) (217) (544) (12.76)
[CU(C18H16Br2N204)H20] 4 Green 38.21 3.18 4.95 11.24

(3804) (3.04) (482 (11.12)
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1642 CRISTOVAO

Xie et al.17 The unit cell parameters of 4 (Pnma, a = 8.7379(3) A, b = 27.9612(9)
A, c=7977903) A, o= = y=90° and V = 1949.2(1)A3) are similar to those
reported by Xie.18 These metal complexes are soluble in polar organic solvents,
such as MeOH, CHCI3, DMF and EtOH, but less soluble in non-polar solvents,
such as hexane, heptane and toluene.

TABLE II. IR spectral data of the Schiff base ligands and their metal complexes (cml)

Compound v(O-H) v(C=N) v(C-0) v(M-N) v(M-0)
CyoH24N,0g H,L1 3424 1624 1276 — —
C16H14BroN-O5 H,L2 3416 1636 1216 - —
C1gH18BroaN-O4 H,L3 3440 1628 1252 - —
[CuCyoH2oN50Og] 1 - 1608 1232 555 400
[NiCygH2oNoOg] 2 - 1604 1236 548 436
[CUC]_6H lzszNzOz] 3 — 1632 1176 544 448

[ CU(ClgH lGB er 204) H 20] 4 3448 1624 1240 564 464
Infrared spectra

The infrared spectra of the free Schiff base ligands HoL1, H,L2 and HolL3
(Table 11) showed a strong band in the region of 1624-1636 cm1 which is
characteristic of the azomethine (C=N) group. In addition to this characteristic
(C=N) absorption, these ligands also exhibit broad medium bands with a maxi-
mum around 3440 cmL, which can be assigned to phenolic (O—H) group vibra-
tions. According to the literature,23-30 the participation of the nitrogen atom of
the Schiff base ligands in the coordination sphere should reduce the bond order in
the C=N group due to the strong donation of electron density toward the metal
ion, and result in a decrease in the C=N stretching frequency. In the IR spectra of
the Schiff base complexes (Table Il), the band due to v(C=N) showed a negative
shift and appeared at 1632—1604 cm~1, indicating coordination of the azomethine
nitrogen to copper and nickel metals, respectively.8923-30 A strong band ob-
served at 1216-1276 cmi~1 in the free Schiff bases is assigned to the phenolic C-O
stretching vibration. On complexation, this band is shifted to the lower frequency
range of 1240-1176 cm™L, indicating coordination through the phenolic oxy-
gen.929 This was further supported by the disappearance of the broad v(OH)
band around 3400 cm~1 in the complexes, indicating deprotonation of the pheno-
lic proton prior to coordination. That the azomethine nitrogen and the phenolic
oxygen are involved in complexation with the metal ion is also clearly evident
from the appearance of the new medium intensity bands at 548-564 and 400460
cm~1in the spectra, assignable to v(M—-N) and v(M-0).9.:30-32 The bands at 3440
and 3448 cm1 in the spectra of the HoL3 ligand and analyzed complex 4, res-
pectively, have a similar position but their shapes are different. In the spectra of
4, thisintense broad absorption band confirms the presence of water molecul es.30
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Cu(ll) AND Ni(ll) COMPLEXES WITH SCHIFF BASE LIGANDS 1643

Thermal analysis

The thermal properties of complexes 1-4 were investigated by thermogravi-
metric (TG) analysis, differential thermogravimetric (DTG) analysis and diffe-
rential thermal analysis (DTA). The recorded TG/DTG and DTA curves of three
copper(l) Schiff base complexesin an air atmosphere are presented in Figs. 1-3.
It can be seen that the TG curves of 1 (Fig. 1) and 3 (Fig. 2) show no mass loss
up to 573 and 563 K, respectively, indicating the absence of water molecules and
other adsorbed solvent molecules in the coordination sphere. As the temperature

s TG \ Exo’]
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X |25
%
&2
= | \
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Fig. 1. TG, DTG and DTA curves of [CuCygH2,N,0¢] (1).
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Fig. 2. TG, DTG and DTA curves of [CuC;gH1,BroN,05] (3).
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Fig. 3. TG, DTG and DTA curves of [Cu(C1gH16BroN,O4)H-0] (4).

was increased, the TG/DTG curves of the copper(l1) complexes exhibit a sharp
mass loss in the temperature ranges of 578-703 K (1) and 563-948 K (3), which
are accompanied with sharp exothermic peaksin the DTA curves at 656 (1), 573
(3) and 825 K (3) that may be due to the decomposition of the ligand molecule.
The complex 2 (nickel (I1)) similar to 1, displays a one-step decomposition. This
step shows drastic mass loss within a wide temperature range of 573-713 K with
aDTG peak at 673 K, also giving rise to a sharp exothermic peak at 678 K in the
DTA curve. This process can be interpreted as decomposition of the ligand mole-
cules. The thermal decomposition of complex 4 occurred in two steps (Fig. 3),
giving one endothermic and two exothermic DTA peaks. The first step displays a
gradual mass loss of 3.90 % within the temperature range of 413-433 K with a
DTG peak at 423 K, which may be attributed to the loss of the one water mole-
cule (calcd. 3.20 %). The recorded DTA curve reveals an endothermic peak at
426 K. The water elimination process occurs at a high temperature. This may in-
dicate the coordination of the water molecules.23 The anhydrous complex is stable
up to 536 K. The next decomposition steps of 4 aso exhibit a gradual loss of
mass within the temperature range of 536-858 K with DTG peaks at 505 and 788
K. They are probably connected with the decomposition of the Schiff base li-
gand. Combustion of the organic ligand is accompanied by strong exo-effect
peaks seen on the DTA curves with maximums at 547 and 783 K.

The complexes decompose to the respective oxides: CuO (in the case of 1, 3,
and 4) and NiO (in the case of 2).32 The mass losses calculated from the TG
curves are in the range of 87.20-82.50 % (the theoretical values are 86.00-82.30
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Cu(ll) AND Ni(ll) COMPLEXES WITH SCHIFF BASE LIGANDS 1645

%). The compositions of the final products were calculated from the TG curves
and experimentally verified by their X-ray diffraction patterns and IR spectra.

According to the beginning temperature of the decomposition of the Schiff
base complexes, the following order of thermal stability may be proposed:

[Cu(LY] (1) > [Ni(LY] (2) > [Cu(L3)] (3) > [Cu(L3)H0] (4)

Magnetic properties

The magnetic behavior of the title compounds was studied in the temperature
range 77-300 K (Table I11). The magnetic susceptibility of the Cu(ll) complexes
changed with temperature according to the Curie-Weiss law. The magnetic pro-
perties of 1 in the form of an yy vs. T plot (v is the molar magnetic suscep-
tibility) is shown in Fig. 4. The observed effective moment of complexes 1 and 3
(having square-planar geometry1517) at 76 K is 2.12 pg, while that at room tem-
perature is 2.20 pg. The copper(l1) ion (3d®) has one unpaired electron in the 3d
shell, therefore its compounds were considered to have magnetic moments close
to the spin-only value, 1.73ug but due to spin orbit coupling, higher values are
often observed.29.33-35 The magnetic moment values calculated for 4 are in the
range of 1.85-1.88 ug. The environment around the copper in 4 is square-
pyramidal .18 The magnetic moments of the copper(l1) complexes were treated by

TABLE IIl. The magnetic data of the Cu(l1) complexes with Schiff bases
[Cu(CoH2N20g)] (1) [Cu(C1eH12BraN20,)] (3) [Cu(CiH16BraN204)(HL0)] (4)

T/K x10° Hest x10° Hest x10° Hest
cm*-mol™ g cm*-mol™ U cm*-mol™ U

76 7697 2.16 7353 2.12 426166 1.85
123 4475 2.10 4622 2.13 411570 1.82
133 4088 2.09 4236 2.12 412301 1.82
143 3851 2.10 3904 211 410964 1.81
153 3501 2.07 3636 211 415280 1.82
163 3464 2.13 3422 211 412067 1.82
173 3289 2.13 3208 211 416636 1.83
183 3152 2.15 3026 211 416376 1.83
193 3039 2.17 2897 2.12 421158 1.84
203 2927 2.18 2758 2.12 420026 1.83
213 2840 2.20 2597 2.10 419467 1.83
223 2740 2.21 2426 2.08 422846 1.84
233 2640 2.22 2351 2.09 423211 1.84
243 2552 2.23 2287 211 426829 1.85
253 2465 2.23 2169 2.10 429249 1.85
263 2402 2.25 2201 2.15 430473 1.86
273 2402 2.27 2083 211 429744 1.86
283 2278 2.27 2040 2.13 433092 1.86
293 2253 2.30 1944 212 436703 1.87
303 2165 2.29 1987 2.20 441532 1.88
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1646 CRISTOVAO

Boudreaux. According to Boudreaux, in complexes having a square pyramidal
configuration, the five-fold degenerate 3d level of Cu(ll) is split by aligand field
of C4y symmetry into four components. The dy?-y?, dy? and dyy levels are non
degenerate, while (dyz, dy7) levels are four-fold degenerate, including spin. The
spin-orbit interaction splits this level into two components, each of which is
further split into two sublevels by the external magnetic field. Boudreauix
caculated theoretically the magnetic moment of square-pyramidal copper(Il)
complexes to be 2.11-2.21 pg at room temperature.3637 These values are
dightly higher than those obtained during the experimental measurements (1.88
ug). The nickel(Il) complex 2 (having a square planar geometry 16) is
d| ammnen C2,4,23,33,38

8000 - —~ 600
7000 -
] L 500 o
T 6000 >
g 1 L =
. 5000 - W s
5 1 5.
o~ Ho0d - L 300 =
> 1 -
" 3000 \:3
S ] =200 =
2000 -
00— L§i
50 100 150 200 250 300 350

T/K
Fig. 4. Dependence between the magnetic susceptibility values vs.
temperature for [CuCygH2N,Og] (1).

CONCLUSIONS

The analytical data showed the presence of one meta ion per Schiff base
ligand molecule and suggested a mononuclear structure for the Cu(ll) and Ni(Il)
complexes obtained as microcrystalline powder. The complexes 1, 2 and 3 are
anhydrous compounds, whereas 4 contains one molecule of coordinated water,
which is lost at 413433 K. The TG and DTG data of the copper(ll) complexes
revealed that their decomposition patterns are different. The complexes 1-3 ex-
hibit only a one-step decomposition, whereas a two-stage decomposition was ob-
served in the case of complex 4. The final products of complex decomposition
were identified as CuO and NiO, respectively. The susceptibilities of al com-
pounds closely follow the Curie law, but the magnetic moments of 1 and 3 are
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Cu(ll) AND Ni(ll) COMPLEXES WITH SCHIFF BASE LIGANDS 1647

dightly larger than that of 4. This may indicate that the orbital contribution in 1
and 3ishigher thanin 4.

U3BO/

CITIEKTPAJIHA, TEPMAJIHA 1 MATHETHA CBOJCTBA KOMITJIEKCA BAKPA(II) 1
HUKIIA(I1) CA HINPOBUM BA3ZAMA KAO JINT AHAUMA

BEATA CRISTOVAO

Department of General and Coordination Chemistry, Maria Curie-Sklodowska University,
Maria Curie-Sklodowska sqg.2, PL. 20-031 Lublin, Poland

CHHTEeTH30BaHU Cy MOHOHYKIeapHu koMiutekcu Gakpa(ll) u mukna(ll) ommre hopmyie

[Cu(LY] (1), [NI(LD] (2), [CU(L3)] (3) u [Cu(L3)H,0O] (4) (rme je L1 = N,N -eTunentuc(4,6-mmme-
Toxcucamuumaesamunaro), L2 = NN’ -erunentuc(5-6pomocanuuummaesamunato), L3 = N,N’-
-eTnienomc(5-6poMo-3-MeTOKCHCATHIIIIHICHAMHUHATO)). KOMIIEKCH Cy KpUCTAIUCATH y OOIHKY
MOHOKPHCTAJIHOT TIpaxa M 3a BHXOBY KapakTepusalujy yrnorpebibenu cy IR ciekrpockonuja, Tep-
MaJlHa aHauu3a ¥ MarHeTHa Meperba. Marnerna cycuentuomiHoct 6akap(ll) kommekca ce Mema
ca TeMIeparypoM y ckiany ca Kupu—Bajcosum (Curie-Weiss) 3akonom. MarHeTHu MoMeHTH (Ug)
ucrnmtuBannx komriekca Ha 303 K cy: 2.29 (1), 2.20 (3) u 1.88 (4). Cpaka ox HaBeICHUX BpE.-
HOCTH Ce HE MeHa ca CHIKaBambeM temieparype Ha 77 K. Kommieke wukna(ll) (2) je nujamarse-

THYaH.
(Mpumsbeno 12. HoemGpa 2010, peBunupano 7. mapra 2011)
REFERENCES
1. R. Karmakar, C. R. Choudhury, D. L. Hughes, G. P. A. Yap. M. Saah € Falah, C.

2.

3.
4,

©

10.

11

12.

13.

Desplanches, J.-P. Sutter, S. Mitra, Inorg. Chim. Acta 359 (2006) 1184

A. Bottcher, H. Elias, E. G. Jager, H. Langfelderova, M. Mazur, L. Muller, H. Paulus, P.
Pelikan, M. Rudolph, M. Vako, Inorg. Chem. 32 (1993) 4131

D. E. Fenton, Biocoordination Chemistry, 1% ed., Oxford University Press, Oxford, 1995
J. Manonmani, R. Thirumuruhan, M. Kandaswamy, V. Narayanan, S. Shanmuga Sundara
Raj, M. N. Ponnuswamy, G. Shanmugam, H. K. Fun, Polyhedron 20 (2001) 3039

A. Puglisi, G. Tabbi, G. Vecchio, J. Inorg. Biochem. 98 (2004) 969

V. Daier, H. Biava, C. Palopoli, S. Shova, J.-P. Tuchagues, S. Signorella, J. Inorg.
Biochem. 98 (2004) 1806

A. Trujillo, M. Fuentealba, D. Carillo, C. Manzur, |I. Ledoux-Rak, J.-R. Hamon, J.-Y.
Saillard, Inorg. Chem. 49 (2010) 2750

G. B. Roy, Inorg. Chim. Acta 362 (2009) 1709

K. Naresh Kumar, R. Ramesh, Spetrochim. Acta, A 60 (2004) 2913

R. Klement, F. Stock, H. Ellias, H. Paulus, P. Pelikan, M. Valko, M. Mazur, Polyhedron
18 (1999) 3617

W. Radecka-Paryzek, W. |. Pospieszna-Markiewicz, M. Kubicki, Inorg. Chim. Acta 306
(2007) 488

M. Nayak, R. Koner, H.-H. Lin, U. Florke, H.-H. Wei, S. Mohanta, Inorg. Chem. 45
(2009) 10764

S. Nastase, F. Tuna, C. Maxim, C. A. Muryn, N. Avarvari, R. E. P. Winpenny, M. And-
ruh, Cryst. Growth Des. 7 (2007) 1825

Available online at www.shd.org.rs/JSCS

2011 Copyright (CC) SCS



1648 CRISTOVAO

14.

15.
16.
17.
18.
19.

20.
21.
22.

23.
24,
25.

26.

217.

28.

29.
30.

31.
32.
33.

35.
36.
37.
38.

M. R. Bermgjo, A. Cadtineiras, J. C. GarciaaMonteagudo, M. Rey, A. Sousa, M. Wat-
kinson, C. A. McALUliffe, R. G. Pritchard, R. L. Beddoes, J. Chem. Soc., Dalton Trans.
(1996) 2935

G. Assey, R. J. Butcher, Y. Gultneh, Acta Cryst., E 66 (2010) m653

G. Assey, R. J. Butcher, Y. Gultneh, Acta Cryst., E 66 (2010) m620

Q.-F. Xie, Y.-M. Chen, M.-L. Huang, Acta Cryst., E 65 (2009) m903

H. Xie, Acta Cryst., E 65 (2009) m1577

T. Fukuda, F. Sakamoto, M. Sato, Y. Nakano, X. S. Tan, Y. Fujii, Chem. Commun.
(1998) 1391

D. Das, C. P. Cheng, J. Chem. Soc., Dalton Trans. (2000) 1081

M. Harihran, F. L. Urbach, Inorg. Chem. 8 (1969) 556

E. Konig, Magnetic Properties of Coordination and Organometallic Transition Metal
Compounds, Springer Verlag, Berlin, 1966

K. Krishnankutty, P. Sayudevi, M. B. Ummathur J. Serb. Chem. Soc. 72 (2007) 1075

K. Mitra, S. Biswas, C. R. Lucas, B. Adhikary, Inorg. Chim. Acta 359 (2006) 1997

G. Kumar, D. Kumar, C. P. Singh, A. Kumar, V. B. Rana, J. Serb. Chem. Soc. 75 (2010)
629

G. Rgendran, C. S. Anritha, R. J. Anto, V. T. Cheriyan, J. Serb. Chem. Soc. 75 (2010)
749

O. Pouraimardan, A. Chamayou, C. Janiak, H. Hosseini-Monfared, Inorg. Chim. Acta
360 (2007) 1599

M. Imran, L. Mitu, S. Latif, Z. Mahmood, |. Naimat, S. S. Zaman, S. Fatima, J. Serb.
Chem. Soc. 75 (2010) 1075

G. G. Mohamed, C. M. Sharaby, Spetrochim. Acta A 66 (2007) 949

K. Nakamoto, Infrared and Raman Spectra of Inorganic and Coordination Compounds,
Wiley, Toronto, Canada, 1997

R. C. Maurya, P. Patel, S. Rajput, Synth. React. Inorg. Met.-Org. Chem. 23 (2003) 81

M. Sénmeza, M. Ekercib J. Serb. Chem. Soc. 72 (2007) 259

V. Katovi¢, L. T. Taylor, D. H. Busch, Inorg. Chem. 10 (1971) 458

L. V. Ababei, A. Kriza, C. Andronescu, A. M. Musuc, J. Serb. Chem. Soc. 76 (2011)
1103

N. R. S. Kumar, M. Nethiji, K. C. Patil, Polyhedron 10 (1991) 365

E. A. Boudreaux, Trans. Faraday Soc. 59 (1963) 1055

L. Sacconi, M. Ciampolini, U. Campigli, Inorg. Chem. 4 (1965) 407

L. T. Taylor, W. M. Coleman, J. Am. Chem. Soc. 92 (1970) 1449.

Available online at www.shd.org.rs/JSCS

2011 Copyright (CC) SCS

olele

EY HZ MO




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




