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ABSTRACT

A number of new six-coordinate Ni(ll) complexes with linear and tripodal tetradentate
ligands having the general formula [Ni{H,L)(H20):]Cl>.xH,O have been synthesized.
Microanalysis, molar conductance, IR spectra, thermogravimetric analysis, magnetic
measurements, and electronic spectra have been used to elucidate their structure.
The experimental data show that the ligands are bonded in a non-deprotonated form
and are coordinated in a tetradentate manner, the other axial sites being occupied
by the aquo molecules. On the basis of electronic results it is concluded that tripodal
ligands exert the strongest ligand field and the ligand substituents affect the ligand
field strength which increases with the electron donating effect of the R group.

The electrochemical behaviour of the nickel(ll) complexes was determined by cyclic
voltammetry which shows that chelate structure, ligand geometry and electron
donating effect of the ligand substituents are among the factors influencing the redox
potentials of the complexes. Also, we note that the ligands used in the present study

can stabilize both the nickel(l) and the nickel(lll) states.
1219
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INTRODUCTION

The investigation of the catalytic functions of nickel in biological systems has
become a rapidly developing research area. To date, nickel has been identified as
an integral component of a number of enzymes'. The biological activity of the nickel
ion related to the electron transport is in some way dependent on the structural
arrangement of the coordination sphere and the electronic environment of the
ligand®. In a bioinorganic context there is much current interest in the use of nickel(ll)

complexes with Schiff bases ligands as models for biological systems>®.

This paper describes the preparation of new nickel(ll) complexes with tetradentate
ligands derived from Schiff bases which are soluble in water, and the effects of
substituents indirectly attached to the central ion, chelate structure and ligand
geometry (linear H,L'™ Fig. 1, and tripodal H,L*®, Fig. 2) on the metal-ligand

bonding character and on redox potentials of the complexes.

The compounds synthesized were characterized by microanalyses, conductivity and
magnetic susceptibility measurements, TGA and specual (IR and UV-Visible)
studies Based on the results obtained, tentative structures are proposed for the

complexes.

EXPERIMENTAL

Analytical and Physical Measurements

The elemental microanalyses were carried out at the Central Service of Analysis,
CNRS Vernaison (France). Chlorine and water of hydration were determined by
conventional methods as described by Vogel®. Melting points were measured using
a digital melting point apparatus IA 9000. The conductometric measurements were
carried out with a CD 810 Tacussel conductivitymeter. The IR spectra were recorded
on a FTS-7 Biorad Fourier transform infrared spectrometer using KBr disks. Thermal
analyses were carried out with a Goerz Metrawat-SE 120 apparatus. The electronic

absorption spectra in solution were recorded on a Perkin Elmer Lamda 9
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Fig. 1. Structure of Linear Ligands
R = H: HoL" R = CHa: HoL% R = CoHs: HoL’
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Fig. 2. Structure of Tripodal Ligands
R = H: HoL% R = CHs: HoL* R = CoHs: HalL®

spectrometer using suprasil cells. Magnetic susceptibilities were obtained with  a
B-SU 10 Bruker magnetic balance using Hg[Co(SCN)4] as paramagnetic reference,
and diamagnetic corrections were made using Pascal's constants. Electrochemical
measurements were recorded with a Princeton Applied Research model 273
potentiostat-galvanostat. Cyclic voltammograms were obtained using a SEFRAM-
TGM 164 recorder. The working, counter and reference electrodes used were,
respectively, a platinum wire, a platinum foil and a SCE (saturated calomel
electrode) The SCE was separated from the test solution by a bridge filled with the
solvent and supporting electrolyte which was tetrabutylammonium perchlorate
(TBAP) The inert gas used was nitrogen. Coulometric measurements were made

using a double circular platinum net as working electrode. The auxiliary and
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reference electrodes, the blank electrolyte solution and the inert gas were the

same as In voltammetric measurements.

Materials
DMSO used for electrochemical measurements was dried by distillation over CaH, or
by storing over 4-A molecular sieves. All other chemical reagents and solvents used

in the preparations were Fluka p.a. products and used without further purification.

Preparation of Ligands

The preparation and characterisation of the ligands H,L' - H,L® used in the present

investigation have previously been communicated’.

Preparation of Complexes

An aqueous solution of NiCl,, 6H,0 (0.24 g, 1 mmole) was added dropwise to the
ligand (0.4 g, 1 mmole) dissolved in 10 mL of a EtOH-H,0 solution (25% by volume).
The mixture was heated at 40 °C with constant stirring until it was concentrated. The
precipitate was filtered and washed successively with water and ethanol-water
stable at room temperature and soluble in water and in common organic solvents.

The complexes were purified by recristalization from diethyl ether solution.

RESULTS AND DISCUSSION

The analysis of the complexes are consistent with the stoichiometry proposed and
are summarized in Table 1. The conductivity data of the complexes in DMF at 10° M
indicate that they are 1:2 electrolytes compounds®, suggesting that two chlorides are
outside the metal coordination sphere. Unfortunately, we could not grow any single

crystal suitable for X-ray crystallographic studies.

Infrared Spectra

The IR spectra of all the complexes (Table 1) show bands around 3300, 3200 and

3100 cm’ which may be assigned to the simultaneous presence of coordinated
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water, NH of amino group, OH of phenolic group and OH of oxime group (for
complexes 4-6)°'". This suggests that these groups are coordinated to the metal ion
in a non-deprotonated form, and they have undergone a shift to higher wave
numbers in the complexes. The complexes 2, 4 and 6 contained lattice water, which

is shown in their IR spectra as broad band® around 3400 cm™ .

In the complexes 4-6 the v(C=N) band appear at a lower frequency®'*" by 30 to 40
cm”. The band assigned to v(C-N) is shifted by about 10 to 30 cm™ towards the
lower region in the complexes 4-6'. The spectra of the ligands show a band in the
range 1030-1065 cm™ assigned to v(C-0). In the complexes this band appears at
higher freqencies by 10 to 50 cm™ . The band originated from the N-O stretching

vibration exhibits a shift of 10 cm™ to the lower region in the complexes 4-6". The
coordination mode of the ligands is further supported by new frequencies occuring in
the 690-400 cm” range which have been tentatively assigned to v(Ni-O) and

11,16

v(Ni-N), respectively

The IR results show that the nickel atom is coordinated through the nitrogen atom of
the amino group and the oxygen atom of the phenolic group and in addition through
the oxygen atom of oxime group for complexes 4-6 without any deprotonation of the

ligand.

Thermal Analysis

The TGA data are listed in Table lll. They show that the thermal decomposition of
the linear ligand H,L' occures at a slightly higher temperature than the tripodal
ligand H,L* which is probably less thermodynamically stable than the former
ligand'’. The higher temperatures for the decomposition of the complexes, compared
to those of the ligands, are consistent with the expectation that in the complexes,
strong bonds are formed between the donor atoms of the ligands and the metal ion™.
The complex 1 undergoes decomposition at a slightlylower temperature than the
complex 4. This indicates that the tripodal ligand gives the most stable complex with
Ni(ll).
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Table Ill. Thermogravimetric Analysis Data

DJEBBAR-SID ET AL.

Compound  Temperature (°C) Leaving group Weight loss(%)?
H,L' 135-200 2HCN, H; 20.2 (20.6)
230-300 C,H4 09.6 (10.3)
325-360 cyclohexadienone 69.7 (69.1)
H,L* 120-190 2HCN 14.7 (15.1)
220-310 CaHq4 08.5 (07.8)
320-350 cyclohexadienone 52.1 (52.6)
450-600 C4HsNOH 25.1 (24.3)
1 160-240 2HCN, Hz, 2H,0  21.5(21.0)
250-325 CoHs 05.9 (06.4)
350-400 cyclohexadienone 42.2 (42.9)
4 60-110 H,0O 04.0 (03.3)
165-250 2HCN, 2H,0 16.2 (16.6)
270-330 CaHa 05.7 (05.1)
365-415 cyclohexadienone 35.1 (34.7)
470-590 C4HsNOH 16.3 (16.1)

calculated values given in parentheses

Electronic Spectra

The band positions and the calculated ligand field parameters are given in Table IV.
The electronic spectra of nickel(ll) complexes in DMSO solution exhibit a high
intensity band in the near-UV region at 27000 cm’’, which is due to the intraligand
transition T — ©* '® and three bands due to the ligand field transitions in the visible
and near IR regions. These bands occuring in the ranges 9900-10400cm™, 15800-
16350cm”  and 20500-22900 cm™ may correspond to *Ayg — Tag CF)(v1), *Agg —
Tig(v2) and Bay 5 "Tig (P)(vs) transitions, respectively, assuming octahedral
geometry around Ni(1l)'*?*. The ligand field parameters (10 Dg, B, and p) have been
calculated for these complexes (Table IV) using the equations suggested
by E. Kénig * . Their values indicate a covalent character of the metal-ligand
bonds?®. The 10Dq values obtained for the tripodal ligand field are slightly higher
than those for the linear ligand field. This indicates that the tripodal ligand exerts the
strongest ligand field. Also, it is noted that introducing C-alkyl groups onto the

ligands affects the ligand field strength. As the R group on the complexed ligand is
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Table IV. Magnetic, Electronic Spectral Data and Ligand Field Parameters of
Nickel(ll) Complexes

Compound e Electronic transitions® (e)° 10Dg B B
Vi Va2 V3 (cm™) (cm™)

1 3.34 9900 (07) 15800 (190) 20500 (400) 9900 778 0.748
2 3.53 10150 (12) 16100 (250) 20800 (440) 10150 767 0.737
3 331 10300 (22) 16250 (300) 22200 (900) 10300 753  0.724
4 3.40 10100 (06) 16050 (200) 21300 (500) 10100 772 0.742
5 3.45 10250 (20) 16200 (320) 21700 (560) 10250 758 0.728
6 339 10400 (30) 16350 (350) 22900 (920) 10400 744  0.715

a : magnetic moment |n Bohr magr\etons
b : wave number in cm”

¢ : absorption molar coefficient in mol™. l.em”

varied from H to C,Hs, the ligand field strength increases and the value of the
nephelauxetic parameter decreases. This trend correlates with electron density at

the nitrogen donor atom which shows the same order.

Magnetic Measurements

The magnetic moment values of the nickel(ll) complexes are presented in Table IV.
They show that the complexes studied are monomeric®®. The e values lie within
the range 3.00 - 3.50 B.M. reported for a six-coordinate high-spin d® nickel(1l) ion.

In view of the above results, the following schemes may be proposed for the

complexes.

In complexes 1-3 (Fig. 3), the ligands give a square planar arrangement of N;O
donor groups around the nickel ion, the other axial sites being occupied by water

molecules.

In complexes 4-6, the environment of the nickel ion is a distorted octahedron in
which two cis-coordination sites are occupied by water molecules and the others by
the tetradentate ligand. The construction of molecular models of the bompiexes
shows that the ligand gives several conformations. The most probable structure is

represented by Fig. 4.
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Fig. 4. Structural Scheme of Ni-H.L“® Complexes

Cyclic Voltammetry

Voltammograms of the nickel(ll) complexes were obtained in DMSO solution from
+0.7 to -1.6V (vs. SCE). The coulometric analysis indicates that in each of the
processes one electron is transfered. Tripodal ligands H,L*® undergo a one-
electron cathodic process which may be attributed to the reduction of the oxime

group (Table V).

The cyclic voltammogram of NiCl, compounds exhibits a begining of a cathodic wave
at the limit of the cathodic potential used and its associated anodic peak was
observed at E,, = -0.060 V. The electrochemical results on reduction of complexes
1-6 at a sweep rate of 0.1 Vs are given in Table V. The cyclic voltammogram of
each complex exhibits one irreversible reduction process, in addition,a reduction is
observed in the limits of the potential range studied for the complexes 4-6. By

comparing the cyclic voltammograms of the complexes with those of ligands and that
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Table V. Electrochemical Data for the Reduction of Ligands,
NiCl, and Ni(ll) Complexes® in 0.1M TBAP in DMSO

Compound  E. (V) Eqa (V) AE(V)

H,L* <-1.600 -0.300 -
H,L> 1540  -0.240 1.300
H,L® -1.400 -0.260 1.140
NiCl, <-1.600 -0.060 .
1 -1.180  -0.800 0.380
2 -1.240  -0.560 0.680
3 -1.280  -0.940 0.340
4 -1.300 +0.100 1.400
-1.500  -0.300 1.200
5 -1.220  -0.100 1.120
-1.460  -0.340 1.120
6 -1.340  -0.100 1.240

-1.540 -0.300 1.240

*Solute concentration = 10° M: scan rate = 100 mV/s;
E.c and E,. are the cahodic and anodic peak potentials,
respectively; AE = Ep. - Ege; Eip = 1/2 (Epat Epge)

of NiCl,.6H,0 taken as reference, the cathodic process (see Fig. 5a,b) could be

assigned to the reduction of Ni(ll) to Ni(l).

The additional reduction shown in the case of complexes 4-6 (Fig. 5b) should

correspond to a ligand-centered reduction **#".

In all nickel(ll) complexes, the metal-centered reduction agrees with an irreversible
electron-transfer. Further, in the negative potential range and on the cathodic scan,
the peak observed for complexes 1-6 is intense. But on the reverse sweep, the
anodic wave related with the cathodic peak is of medium intensity. This indicates
that a chemical reaction occurs after the anodic oxydation of the complexes™?** It
was observed in this study that the reduction potentials for the Ni(ll/l) couple of the
complexes are sensitive to the electronic effect of the R group on the coordinated
ligand. These potentials shift cathodically on going from complex 1 to 3 with linear

ligands and from complex 4 to 6 with tripodal ligands. As the substituent R in the
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30pA

1.0 0.0 -1.0 -2.0

Fig. 5. Cyclic Voltammograms for the Comelexes,
(@) [Ni(HzL? )(H20)2 IClz . (b) [Ni(HoL” )(H20)2 ICl2 .
in DMSO (0.1 M TBAP); Scan Rate = 100 mV.

ligand is varied from H to C,;Hs, the electron density on nickel ion increases, this

increases the difficulty to reduce the metal center >'>%",

We have noted in our previous study on Cu(ll) with the same ligands’ that Cu(l),
which favors a tetrahedral geometry™, is more stabilized as the R groups in the
complexed ligands are changed from H to C,Hs because the distortion of the unit
CuN;0; in the complexes increases in the same order. In the present study the
reduction potentials for the Ni(ll/l) couple of the complexes were more cathodic on
going from hydrogen to ethyl and a subsequent destabilisation of Ni(l) state occured.

This shows that these potentials are not sensitive to steric effects of the substituent



NICKEL(Il) COMPLEXES 1231

Table VI. Electrochemical Data for the Oxidation of Ni(ll)
Complexes® in 0.1M TBAP in DMSO

Compound B (V) Exe (V) AE(V)

1 +0.560 +0.400 0.160

+0.500 +0.360 0.140
3 +0.440 +0.300 0.140
4 +0.640 +0.460 0.180
5 +0.600 +0.400 0.200
6 +0.550 +0.350 0.200

*Solute concentration = 10 M; scan rate = 100 mV/s;
Eqa and E,c are the anodic and cathodic peak potentials,
respectively;, AE = Epa - Epe; Ev2 = 1/2 (Epat Epc)

R in the ligand because there is not a significant structural change between the
26,33

oxydized (3d") and reduced (3d° ) species

More positive potential values were found for the complexes with tripodal ligands. A
construction of molecular models of these complexes makes clear that they have a
large size, consequently they can more easily accomodate the size increase
expected with the addition of an antibonding d electron. Potential values of the
oxidation process of the nickel complexes are summarized in Table VI. They suggest
an irreversible process for each complex. Further, they show that the complexes 1-3
are easier to oxidize than complexes 4-6. This is probably due to the fact that the

small ionic radius of nickel(lll) would fit better into the smaller size of linear ligands.

The electrochemical data on the oxidation of the complexes are consistent with the
spectral data. In the complexes the ligand field strength increases from R = H to

R = C,Hs, this facilitates the oxidation of the metal center >*.
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