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ABSTRACT

New tetradentate mononuclear nickel(I1) [NiL] and pentadentate binuclear copper(ll) [CuzL2H20],
H.O Schiff base complexes have been synthesized. The crystal structures of [NiL] and
[CuzL2H20], H20 have been determined by X-ray diffraction method showing distorted square-
planar geometry for [NiL] and distorted tetragonal pyramid geometry for [CuzL2H20], H2O. In
both complexes, the dehydroacetic acid functional group engages in a deprotonated manner and
coordination occurs through the nitrogen atoms of the imine function and the phenolic oxygen.
Density Functional Theory calculations are carried out for the determination of the optimized
structures. The fundamental vibrational wave numbers are calculated and a good agreement

between observed and calculated wave numbers is achieved.
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1. Introduction

Schiff base ligands that containing oxygen and nitrogen donors set represent one of the most
widely utilized classes of ligands and have been of research interest in different aspects in recent
decades, because of the versatility of their steric and electronic properties, which can be modified
by choosing the appropriate amine precursors and ring substituents. Metal complexes with Schiff
bases as ligands have played a considerable attention in the development of coordination chemistry
because they have high stability and important properties in different oxidation states [1-4]. Some
complexes with tetradentate N2O2 donor Schiff base ligands have been extensively studied in the
past years [5,6]. Therefore, Schiff base ligands derived from dehydroacetic acid (dha= 3-acetyl-4-
hydroxy-6-methyl-2H-pyrone-2-one) are widely used to coordinate various metal ions because of
the high stability of their complexes [5-8]. Furthermore, studies have shown that such compounds
and their complexes have very interesting biological activity such as antimicrobial, antifungal,

antitumor and herbicides [9-17], pharmacological [1819] and medicinal properties [20, 21].

In this work, synthesis of [NiL] and [Cu,L.H.0], H.O complexes is reported using (N,N’-
bis(dehydroaceto)ethylenediimine) as Ligand (L) (Scheme 1). Single crystal X-Ray Diffraction and
quantum chemical calculations are used in order to confirm the structure of complexes. The spectral
study using FT-IR, and UV-visible analyses are also investigate in order to find a correlation
between molecular structure and vibrational frequencies of complexes. Electrochemical

investigation of complexes is also performed.
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Scheme.1. Reaction way leading to the formation of the nickel and copper Schiff base complexes.

2. Experimental

2.1. Reactants
All reactants and solvents were analytical grade and used without further purification.
Ethylendiamine and dehydroacetic acid was purchased from Sigma-Aldrich. Nickel and copper

hydrated acetate (Prolabo) were used as received.

2.2.Measurements

The IR spectra were obtained on a Shimadzu FTIR-Affinity-1 spectrometer with KBr pellets
in the 4000-400 cm™ region. The electronic absorption spectra were carried out on a Shimadzu
UV1800 spectrophotometer using DMSO as solvent. The melting point complexes were determined
with a Kofler Banc 7779 apparatus. Cyclic voltammetry was performed with a VoltaMaster 4
software under a nitrogen atmosphere in a one-compartment electrolysis cell consisting of a glassy
carbon working electrode (GC), a platinum wire counter electrode and all potentials are expressed
versus the saturated solution of calomel electrode (SCE). Cyclic voltammograms were monitored at
scan rates of 400, 300, 200, 100, 75, 50, 25 and 10 mV s* and recorded in DMSO. The



concentrations of the complexes were maintained at 10° M, and each solution contained 0.1 M

tetrabutylammonium perchlorate (TBAPF:) as the electrolyte.

2.3. Crystal data collection and processing
X-ray single-crystal diffraction data were collected at 293 K on a Diffractomer Bruker-
Nonius and goniometre Kappa CCD, equipped with a graphite monochromator using Mo/Ka
radiation (A =0.71073 A). Cell refinement and data reduction were carried out with the APEX2
Software [22]. Structures were solved by direct methods and refined on F? by full-matrix least-
squares method, using SHELX97 package [23]. All non-H atoms were refined anisotropically by
the full matrix least squares method on F? using SHELXL [24] and the H atoms were included at

the calculated positions and constrained to ride on their parent atoms.

2.4. Computational studies
The geometry of complexes, in the gas phase, have been fully optimized within the density
functional theory method (DFT) using the GAUSSIAN 09 program package [25], as DFT
methods[26] are very effective in modeling compounds and have good experimental correlations
with the IR frequencies. DFT calculations were performed using the hybrid Becke’s three parameter
and the Lee-Yang-Parr functional (B3LYP) [27-28], one of the most popular density functional
method, and using 6-311G(d,p) and LANL2DZ basis sets.

2.5 Synthesis and characterization

2.5.1 Synthesis of the ligand (L)

The (N,N’-bis(dehydroaceto)ethylenediimine) ligand was prepared by the reaction of one
mole of ethylendiamine with two mole of dehydroacetic acid in absolute EtOH according to the
literature [29].

2.5.2 Synthesis of [NiL]

Ni(OAC)2.4H20 (0.062g, 0.25 mmol, 10mL DMSO) was slowly added to the ligand (0.080
g, 0.25 mmol, 10mL DMSO), under nitrogen atmosphere and refluxing conditions. The reflux was
maintained for 25 h. By slow evaporation of the orange solution, single orange crystals of [NiL]
were removed by filtration and then dried in vacuum. Yield: 65%; mp= 293°C; FT-IR (KBr pellets,
v cm™): 3435 (O-H); 1560 (C=N);1180 (C-0), 1643 (C=0); UV/Vis: DMSO, A(nm) 281, 310, 370,
575.



2.5.3 Synthesis of [Cu.L>H.0], H20

To a solution of ligand (0.25 mmol, 0.08 g, DMSO) was added Cu(OAc)2.4H20 (0.062g,
0.25 mmol, 10mL DMSO) with a 1: 2 stiochiometric, under nitrogen atmosphere and refluxing
conditions and kept at an appropriate temperature and then allowed to stand for two days. Single
blue crystals of complex [CuzL2H20], H20 were removed by filtration and then dried in vacuum.
Yild : 75% ; mp= 293°C ; IR (KBr pellets, v cm™): 3421(0-H); 1378 (C-N); 1226 (C-O); 1691
(C=0); UV/Vis: DMSO, A nm 260, 312, 374, 568.

3. Results and discussion

3.1. Infrared spectra

The infrared spectra of [NiL] and [CuzL2H20], H>O were analyzed in the region 4000-500
cm*. Figure 1 shows a band at 3435 cm™ assigned to intermolecular hydrogen bonded v(OH) for
[NiL] and band at 3421 cm™ assigned to the OH vibration of aqua and coordinated water molecular
for [CuzL2H20], H20. The bands due to lactone carbonyl v(C=0) and v(C-O) were found at 1700
cmt and 1226 cm™* (for [NiL] [30-32]) and 1691 cm™ and 1226 cm™ (for [CuzL2H20], H20
[33,34]). However, the absorption bands appearing at 1560 and 1378 cm™ are assigned to the
v(C=N) stretching for both complexes respectively. Lower frequency region above 694 and 594
cm 1 in the spectra of [NiL] [15,35] and 625 and 567 cm™* in the spectra of the [CuzL2H20], H20

were tentatively assigned to v(M—N) and v(M—O) vibrations.
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Fig. 1. Infrared spectrum of (a) [NiL] and (b) [Cu.L,H-0], H2O.

3.2. Electronic absorption spectra
The formation of the metal complexes was also confirmed by UV-vis analysis since their

electronic spectra, recorded as DMSO solution in the wavelength range 800-200 nm. For the [NiL]



complex Amax were observed at 281, 310, 370 and 575 nm assignable to 1 —x*, n—n* and metal to
ligand (MLCT) charge transfer transitions, respectively [36,37]. The last peak located at 575 nm
obtained with a concentration of 102 M was ascribed to the d—d electronic transitions which are

usually known by their weaker intensities [38].

[Cu,L-H20], H.O complex gave four bands at Amax at 260, 312, 374 and 568 nm assigned to
1 — ©*, n—n*, metal to ligand (MLCT) charge transfer and d-d transitions. These results are in

good agreement with the literature [39,40].

3.3. X-ray crystal structure

Crystal structure of [NiL]

The main crystal parameters are reported in Table 1. The structure of one structural unit and atoms
numbering scheme are given in Figure 2. The complex [NiL] is crystallized in a monoclinic system
in P21/c space group and with a four unit per cell (Z = 4). The complex has distorted square-planar
geometry connected via two phenolic oxygen O1 and Os and imine nitrogen N1 and Nz atoms in E
configuration around the Ci7—Cis bond, with an average of 92.92° in the six-membered
metallocycle and 89.32° in the five membered metallocycle.

The two (dha) rings of the complex are not coplanar with the above coordination plane
(O1N2N104) and make dihedral angle of 13.61°. The distances between the coordinated nitrogen
and oxygen atoms and the metal center do not significantly differ (Table 2), and they are similar to
the values found in the Ni"-N,N’-bis(salicylaldehyde) ethylenediimine complex (Ni-0)=1.83 A, (Ni-
N)= 1.86 A [41], in the [NiL, H20] (Ni-0)=1.833(4) A, (Ni-N)= 1.856(4) A [42]. The bond angles
0O1-Ni-O4, O1-Ni-N2, N2-Ni-N1, Os-Ni-N1 are 84.90(10), 93.17(11), 89.33(12) and 92.64(13)
degrees respectively. The atoms Ni, N2, O1 and Os are coplanar and define the basal plane. The
maximum of deviation is given by the oxygen atoms (0.027A)).

In the crystal, individual molecules are packed in layers parallel, in which the molecules of
the second layer are oriented in a nearly perpendicular fashion to each other (Figure 3a), each two

layers are linked by intermolecular hydrogen bonds between adjacent molecules (Figure 3b).

Crystal structure of [CuzL2H20], H20

The main crystal parameters are reported in Table 1. The bond distances and angles are listed in
Table 2 and the structure and the numbering scheme are given in Figure 2. The complex
[Cu,L.H,0], H,0 crystallizes in a triclinic system with a P-1 space group and we note the presence

of two molecules per unit cell. [Cu,L.H,0], H-O is binuclear, the structure reveals that the two Cu(ll)



center is “4 + 1” coordinated, exhibiting a highly distorted tetragonal pyramid geometry in which
the basal plane is occupied by two oxygen atoms from the phenolates and two nitrogen atoms from
the imine groups of the ligand, the axial position of Cul is occupied by Olw atom of water
molecular and one pyrone oxygen from another moiety, in axial positions from Cu2. One Molecule
of water links the two ligands.

The distances between nitrogen and oxygen atoms and the metal center (Table 2) are similar
to the values found in the [Cu(dha)en(H20)] [41] and Cu'' (N,N'-bis(salicylaldehyde)-2,2'-
biphenyldiimine [42]. The bond angles O2-Cul-O1, N2-Cul-N1, 022-Cu2-011, N22-Cu2-N11 are
88.85°, 88.01°, 88.08° and 87.47° respectively. The O—Cu—N angles in the basal plane are of 176.97
and 170.67° for Cul and 177.30 and 177.46 for Cu2 showing a small distortion in the geometry.

In fact, the packing analysis in the unit cell shows that two molecules of the complex are not
close one to another, and a dimeric structure (face to face) is formed considering the weak inter-
dimer electrostatic Cu2—O6 (pyrone) (Figure 4(a,b)). In the dimer, the Cu...Cu distances is of
6.069(3) A, which is significantly long than those distances found in the bis(salicylaldehydato)
Cu(ll) complex (4.05 A) [43,44]. Indeed this Cu...Cu distance is comparable to those distances
found in many dinuclear Cu(ll) oxygen bridged complexes [45-48]. A water molecule serves as a
link between the two ligands via two hydrogen bonds.

(@

Fig. 2. The molecular structure of the [NiL] (a) and [Cu.L.H:0], H.O (b).
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Fig. 4. Cell packing (a) and hydrogen bonding (b) for [Cu.L.H.0], H:O.



Table 1. Crystallographic data for [NiL] and [Cu,L.H,QO], HO.

Compound [NiL] [Cu.L,H>0], H.O
Molecular formula ClnggNzNiOG C3sH40CUsN4O14
Molecular weight 417.05 879.80
Temperature (K) 293 293

Radiation

Mo Ko radiation(x = 0.71073 A)

Mo Ko (% =0.71073A)

Crystal system Monoclinic Triclinic
Crystal colour Orange Bleu

Space group P2i/c P-1

a(A) 12.905 (5) 0.601(5)
b(A") 13.575 (5) 12.928(5)
C(A") 10.167 (5) 14.778(5)
Alpha°® 90.000 (5) 70.230 (5)°
Beta® 104.374 (5) 88.950 (5)°
Gamma® 90.000 (5) 74.203 (5)°

z 4 2

VIA® 1725.4 (13) 1827.9 (13)
Deatc(g cm) 1.606 1.599
Crystal description needle needle
Absorption coefficient (mm™) 1.16 1.24

F(000) 864 908

Reflections collected /unique

Range/indices (h,k,I)
Tetajimit

12472/3543[Rint = 0.038]

-15, 16 ; -16, 13, -12, 12
1.6- 26.4

20580/11511 [Rin = 0.049]

-7,15;-19,19; -20, 20
16-26.4

No.of observed data, 1>20(1) 2555 7849

No.of variables 252 519

No.of restraints 2 4

Goodness of fit on F? 1.041 1.068
Largestdiff. Peak and hole (eA®)  0.37and-0.35 2.03and —1.54
R[F*> 26(F?)] 0.043 0.077

WR(F?) 0.128 0.243
Maximum A/c <0.001 0.276
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Table 2. Selected bond distances (A) and angles (°) for [NiL] and [CuzL.H20], H20 complexes.

Bond lengths (A) Bond angles (°)
[NiL]
Ni—Ol 1.832(2) 01— Ni—04 84.90 (10)
Ni—O4 1.839 (2) 01— Ni—N2 93.17 (11)
Ni—N1 1.854 (3) 04— Ni—N1 92.64 (11)
Ni—N2 1.851 (3) N2—Ni—N1 89.33 (12)
N1—C6 1.300 (5) C3—04—Ni 1265 (2)
N1—C17 1.476 (4) C11— 01 Ni 128.20 (2)
N2—C14 1.306 (4) C6—N1—Ni 129.7 (2)
N2—C18 1.486 (4) C17—N1—Ni 109.08 (2)
01 C11 1.283 (4) C14—N2—Ni 129.9 (2)
04—C3 1.284 (4) C18—N2—Ni 100.0 (2)
04— Ni— N2 177.54(12)
01— Ni— N1 176.99(12)
Cl4—N2—C18 120.0(3)
C6— N1 C17 120.4(3)
N1 C17— C18 107.5(3)
N2— C18— C17 107.7(3)
[CusL2H:0], H:0
Cul—02 1.903(2) 02 Cul—01  88.85(11)
Cul—01 1.914(3) Ol Cul N1 91.83(12)
Cul—N2 1.931(3) Ol Cul N2  176.97(12)
Cul—N11.936(3) 02 Cul N1  170.68(13)
Cul—Olw 2.705(3) N2—Cul—N1  88.01(13)
Cu2—022 1.910(3) 02— Cul—N2  91.80(12)
Cu2—0111.910(2) C9 N2 Cul 128.4(2)
Cu2—N22 1.930(3) C2—N2Cul  109.5(3)
Cu2—N111.948(3) Cl4—O1Cul 126.7(2)
Cu2—05 2.699(3) C6—02 Cul 1242(2)
N22-C33 1.296(4) Cl2 N1 Cul 1295(3)
N22—C4l 1.478(4) Cl-N1-Cul  108.8(2)
N11-C31 1.293(5) 022 Cuz—N22  177.30(11)
N11-C22 1.470(5) 022 Cu2—011  88.08(11)
C12- N1  1.300(5) 011 Cu2N22  92.63(11)
N2—C9  1.298(5) 022 Cu2—N11  91.94(11)
N2—C2  1.468(4) 011 Cu2 N1  177.48(12)




N1—C1 1.478(5) N22—Cu2—N11  87.47(12)
01—C14 1.280(4) C99—01—Cu2 125.7(2)
02—C6 1.283(4) C35— 022—Cu2 126.4(2)
022—C35 1.274(4) C33—N22 —Cu2  129.4(2)
011—C99 1.279(4) C41— N22—Cu2  109.8(2)
06—C8 1.215(4) C31—N11—Cu2  129.0(2)
C22— N11—Cu2  108.2(2)

3.4. Electrochemical studies

Curve A (Figure 5) shows the cyclic voltammograms of [NiL] complex in DMSO solution
in the potential ranges of +1.8 to -2.2 V. The cyclovoltammograms of the nickel complex display
quasi-reversible reductive response (Epc at -1.46V) during cathodic scan, attributed to the Ni'/Ni'
couple. During the anodic potential scan, the complex shows an irreversible oxidative response at
+1.39 V that may be assigned to the oxidation of the Schiff base.

As can be seen also, a well-defined redox peak with formal potential of -1.41 V versus SCE
electrode was observed (Figure 5B). These anodic and cathodic peaks are due to redox reaction of
the Ni(I1)/Ni(l) couple at the electrode surface. The potential was cycled between -0.7 and -1.8 V
for the Ni(I1)/Ni(1) redox system in DMSO solution and a large peak-to-peak separation (AE = 110
mV), indicating a quasi-reversible nature for the Ni'"/Ni' reductive response. The electrochemical

behavior and the data are in agreement with those reported for related complexes [49].
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Fig. 5. Cyclic voltammogram of [NiL] in the range +1.8 to -2.2 V (A); and in the range -0.7 to -1.8

at different scan rates for (B).



Figure 6 shows the cyclic voltammograms of [Cu.L.H.0], H.O complex in DMSO solution
in the potential ranges of +1.8 to -2.2 V. The cyclovoltammogram of the copper complex display
irreversible reductive responses (Epc at -0.95 and -1.55 V, respectively) during cathodic scan,
attributed to the Cu''/Cu' couple. During the anodic potential scan, the complex shows an oxidative
response at -0.10 V with very thin size (Figure 6B) and high peak current and irreversible oxidative
responses at +1.24 V (Figure 6A). The response at -0.10 V is typical of the anodic stripping of
copper. Therefore, it may be inferred that the Cu(ll) complex undergo reduction to their respective
Cu(l) complex which subsequently undergo disproportionation to Cu® and Cu''. The instability of
the Cu(l) complex is in agreement with the literature [50]. The oxidative responses around 1.24 V

may be due to the Cu'"/Cu"" couple.
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Fig. 6. Cyclic voltammogram of [CuzL2H20], H20 in the range +1.8 to -2.2 V (A); -0.6 to -2.0 (C)
and +0.5 to -0.5 at different scan rates for (B).

4. Computational methods
The ground state optimizations of complexes [NiL] and [CuzL.H20O], H>O have been

carried out in the framework of DFT using the global hybrid B3LYP functional in combination with
6-311G (d,p) basis sets for C,N,O and H, and LANL2DZ pseudo potential and basis set [51] for Ni



and Cu metals. In the following, Gen refers to Lanl2dz (for Cu, Ni) and 6-311G(d,p) (for N,O,H,C).
Electronic excited states calculations have been performed in the framework of the time-dependent
density functional theory (TDDFT) using B3LYP and the Gen basis set. Excited states and charge
transfer character of electronic transitions were characterized by plotting the electron density and
using the Natural transition orbitals (NTOs) [52,53].

4.1 Optimized structure

The optimization structures and the geometrical parameters such as bond lengths, and bond
angles are given in Table 3. Concerning the complex of [NiL] the metal-ligand bond distances are
slightly longer than the experimental values within 0.014-0.034 A range. The calculated bond
distances of Ni-O and Ni-N are 1.853 and 1.880 A respectively compared to the experimental
values of 1.832-1.839 A and 1.854 A respectively. The binuclear complex of [Cu,L2H20], H20 is
characterized by its asymmetric unit containing one complex molecule and one water molecule. The
structure reveals that the two Cu(Il) center is “4 + 1” coordinated, exhibiting a distorted tetragonal
pyramid geometry in which the basal plane is occupied by two oxygen atoms from the phenolates
and two nitrogen atoms from the imine groups of the ligand, the axial position of Cul is occupied
by Olw atom of water molecular and one pyrone oxygen from another moiety, in axial positions
from Cu2. The [Cu;L:H20], H.O complex has a square-planar geometry connected via two
phenolic oxygen Oz and Os and imine nitrogen Ns and Nu1. For [NiL] the calculated values are in
good agreement with the experiments, since all differences between the theoretical and
experimental bond lengths are in 0.034-0.08 A. The calculated ligand-metal-ligand bond angles for
the two complexes are almost similar to the experimental values with slight deviations within for
0.09-1.85°0f the complex [NiL] and 0.41°-5.28° for the complex [CuzL2H20], H20.



Table 3. Selected bond lengths (A) and angles (°) for [Cu,L,H.0], H20 and [NiL].

| B3LYP/Gen | Exp
[NiL]

Bond length (A)

Ni-O2 1.853 1.832
Ni-O5 1.853 1.839
Ni-N11 1.888 1.854
Ni-O2 1.853 1.832
Angles (°)

05-Ni- N11 92.02 93.17
02- Ni -N8 92.02 92.64
05- Ni -02 86.75 84.90
N8- Ni -N11 89.24 89.33

[CUszHzO], H.O

Bond length(A)

Cul- O7 1.990 1.914
Cul-05 1.979 1.903
Cul-N17 1.994 1.936
Cul-N15 2.011 1.931
Cu2- 08 1.987 1.910
Cu2-010 1.975 1.910
Cu2-N22 1.982 1.948
Cu2-N24 1.988 1.930
Angles (°)

015-Cul-017 87.60 88.01
N15-Cul-O5 89.98 88.95
05-Cul-N17 94.10 88.85
07-Cul-N17 88.70 91.80
07-Cul-N15 174.94 177.3
N17-Cul-O5 173.47 170.68
024-Cu2-N22 87.12 87.47
N22-Cu2-08 89.98 88.95
010-Cu2-N24 88.08 91.94
010-Cu2-N22 91.058 88.08
N24-Cu2-08 173.48 177.48

4.2 Harmonic vibrational frequencies

Experimental and calculated IR spectra of [NiL] and [Cu,L,H.Q], H.O are shown in Figure
7(a,b). A rigorous analysis for modes of vibration with B3LYP level is mentioned in Table 4. The
calculated values are globally in good agreement with the experimental data. The experimental
FTIR band at 3435 cm™ assigned to intermolecular hydrogen bonded v(OH) for [Cu,L2H20], H20 is
calculated at 3432 cm™ at B3LYP/Gen level. The lactone v(C-O) stretch vibration appear in the
region 1226 cm™ in experiment, while it is calculated at 1256 cm™ for complex [NiL] and 1215 cm
! for [Cu,L,H,0], H.0. The frequency for carbonyl v(C =0) has been calculated at 1701 cm™ for

the complex of Ni and 1694 cm for complex of Cu, in excellent agreement with experimental data



of 1700 cm™ and 1691 cm™ respectively. The experimental data of the v(C=N) stretching vibration
is in 1378 cm™ for the complex of Cu metal and 1560 cm™ for and complex of Ni metal, these
bands have been calculated at 1385 cm™ and 1597 cm™. The lower frequency region above 594 cm
! for [NiL] and 567cm™ for [Cu.L.H,O], H,O is the characteristic region for identification of
v(M—O) and v(M—N) while these bands were computed at 591 cm™ for complex of Ni and 577

cm* for complex of Cu.

Table 4: Comparison of the experimental and calculated vibrational frequencies (cm™) for [NiL] and

[Cu;LH20], H.O complexes.

[NiL] [Cu,L,H:0], H,0O
Assignement B3LYP Exp B3LYP Exp
(cm?)
v (Ow-H) - - 3512 3435
(stretching)
v (C=0) 1701 1700 1694 1691
(stretching)
v (C=N) 1597 1560 1385 1378
(stretching)
v(C-0) 1256 1226 1215 1226
(stretching)
v(M-0) 690 694 639 625
(stretching)
v(M-N) 591 594 577 567
(stretching)
w | Y N
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E |...‘ § |
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Fig. 7. Simulated versus experimental infrared spectra of [NiL]and [Cu,L.H.0], H.O.



4.3. Uv-vis absorption

Absorption wavelengths in gas phase have been simulated at TDDFT/B3LYP level. Main
electronic transitions can be found in Table 5, while the excited states and charge transfer character
of electronic transitions are characterized by plotting the Natural Transition Orbitals for main states

in Figure 8.

Table 5. Experimental Aexp(nm) and calculated Ath(nm) wavelengths and f oscillator strength for
[NIL] and [CUszHzO], H,0.

[NiL] [CuzL:H:0], H:0
B3LYP B3LYP
ATh f kexp Major ATh f 7\,exp M.ajor'

contribution contribution
Band | 278 0.014 281 H-3—-L 260 0.0015 260 H-1-L+5
Band Il 310 0.001 310 | H-1-L+2 | 312 0.033 312 H-3—L+2
Band 111 350 0.046 370 H—-L 374 0.0012 374 H—-L+4
Band IV - - - - 562 0.0003 568 H—L+1

For the complex [NiL], three absorption features have been calculated in the visible region,
in good agreement with the well resolved experimental data. The NTO analysis shows that this
transition is an absorption band at the 350 nm that originates mainly in the HOMO—LUMO
electronic transition, a second band calculated at 310 nm with a main contribution from HOMO-
1->LUMO +2 transition which is primarily n—d, a third transition is calculated at 278 nm due to
the transfer charge from n—m and mainly originates from the HOMO-3—LUMO. For the
[CuzL2H20], H20 the lowest energy absorption is calculated at 562 nm and originates from the
HOMO—LUMO+1 transition associated to a charge transfer (CT) from dcu1 orbitals to ligand and a
Cu?2 transfer MLCT, while the second transition calculated at 374 nm is attributed to dcu1 t0 ©
ligand charge transfer. The absorption band at 312 nm mainly involved the HOMO-3—LUMO+2
transition it can be characterized by n-rn” as shown in Figure 8. Finally, the absorption at 260 nm

presents an obvious t—d character and mainly originates from HOMO-1— LUMO+5.
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Fig. 8. Contour plots of the natural transition orbitals (NTOs) for both [NiL] (a) and [CuzL2H20],
H.0 (b).

Conclusion

In this paper, we have described the [NiL] and [Cu2L2H20], H20 complexes. The metal
center has square-planar coordination geometry for the complex of Ni metal and square pyramidal
coordination geometry for the complex of Cu metal. The redox behavior was investigated by cyclic
voltammetry. The metal complexes show both anodic and cathodic peaks which are due to redox
reaction of the Ni'/Ni', Cu"/Cu' and Cu®/Cu" at the electrode surface for NiL and [CuzL2H20], H20
respectively. The theoretical study for both complexes on structural parameters, IR spectra, and

UV-vis absorption gives values in excellent agreement with the experimental data.
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