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ABSTRACT

Complexes of nickel (II) and iron (Ill) are easily synthetized using the symmetrical ligand 1,5-bis(1-
(pyridin-2-yl)ethylidene)carbonohydrazide) (H,L) and metal nitrate salts. Square [2x2] grids
structure of one tetranuclear iron and one tetranuclear nickel complex were isolated. X ray
diffraction analysis reveals that the crystal structures of the two complexes are similar. The
asymmetric unit of each complex consists of four cationic ligand molecules and four metal ions.
Each ligand acts in its monodeprotonated form through five coordination sites such as two pyridine
nitrogen atoms, two azomethine nitrogen atoms and one oxygen atom. Each of the four ligand
molecules acts as a bridge between two metal ions yielding a square 2 x 2 grid structure. Each of
the metal ion is hexacoordinated and is situated in a N,O, core and the environment is best
described as a severely distorted square bipyramidal geometry. Electrochemical studies show two
electrons process for complex 1 and one electron process for complex 2. Variable temperature
magnetic study shows that antiferromagnetic coupling is stronger in the nickel(ll) than in the iron(ll)
complex. Perfect correlation between the magnetic properties and the crystallographic data are

observed in both complexes.

Keywords: iron; nickel; Schiff base; grid; complex; magnetism; electrochemistry.

1. INTRODUCTION

Chemists' interest in the self-assembly of
transition metal ions with multifunctional organic
ligands is continually growing [1-6]. Square and
rectangular supramolecular grid structures
continue to attract the interest of chemists, due to
their potential applications in various scientific
fields [7-10]. Square grid complexes [2%x2], [3%3],
[4x4] and [5%x5] have been prepared and
structurally characterized [11-20]. Among the
multifunctional Schiff base ligands, those derived
from carbohydrazide and thiocarbohydrazide are
highly targeted for the design of novel grid
structures [11-14, 17]. The presence of donor
atoms such as nitrogen, oxygen, or sulfur in the
structure of these ligands makes them able to
bind several metal ions via p-(N-N) and/or py-O/p-
S bridges. However, the synthesis and
characterization of a few square and rectangular
grid transition metal complexes with those
ligands have been reported [21-25]. Recently, a
square grid [Zn(HL)]4(NO3)4-3H,O (H.L is 1,5-
bis(1-(pyridin-2-yl)ethylidene)carbonohydrazide)
has been reported by our research team in which
the four Zn (Il) centers are bridged by enoyl
oxygen atoms [26]. Encouraged by these results,
we continued investigations with the ligand 1,5-
bis(1-(pyridin-2-yl)ethylidene)-carbonhydrazide
as a building block for the self-assembly of novel
transition metal ion grids structures [2 x 2]. Two
grid square structures of were obtained when
using the above ligand with iron(ll) or nickel(ll)
nitrate salts. Herein, we report the crystal
structure of [Fe4s(HL)4]J(NO3)4-3H,O (1) and
[Nig(HL)4](NO3)4-3H,O (2) and their physico-
chemical properties.
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2. EXPERIMENTAL METHODS
2.1 Material and Physical Measurement

“Carbonohydrazide  (98%), 2-acetylpyridine
(99%), Ni(NO3),'6H,O (99%), Fe(NO3)3-9H,0
(99.99%) and methanol were supplied from
Aldrich and used without further purification. All
chemicals and solvents were used directly
without further purification. The IR spectra were
recorded on a Perkin Elmer Spectrum Two
spectrophotometer (4000-400 cm™). The UV-
Visible spectra was recorded on a Perkin Elmer
Lambda UV-Vis spectrophotometer. The molar
conductance of 10° M solution of the metal
complexes in acetonitrile  solutions were
measured at 25 °C using a WTW LF-330
conductivity meter with a WTW conductivity. The
voltammetric measurements were recorded
using a Palm Sens3 type potentiostat controlled
by PSTrace software. A glassy carbon working
electrode with a radius of 2 + 0.1 mm, a platinum
wire as a counter-electrode and Ag/AgCI
electrode as a reference were used. Cyclic
voltammetry experiments were performed in
acetonitrile solution 0.1 M of LiCIO, as a
supporting electrolyte” [26]. Magnetic
measurements for complexes 1 and 2 were
performed in the temperature range of 2—-300 K
by using a Cryogenic S600 SQUID
magnetometer in an applied magnetic field of
1000 Oe. Raw data were corrected for the
diamagnetism of the sample holder, measure in
the same temperature and field range, and the
intrinsic contribution of the sample, estimated by
Pascal’s constants.



Traoré et al.; Int. Res. J. Pure Appl. Chem., vol. 24, no. 4, pp. 50-67, 2023; Article no.IRJPAC.104173

2.2 Synthesis of the Ligand 1,5-bis(1-
(pyridin-2-yl) ethylidene) Carbono-
hydrazide (H,L)

Carbonohydrazide (2 g, 22.2 mmol) in 20 mL of
methanol was stirred under reflux during 30
minutes before addition a solution of 2-
acetylpyridine (10.75 g, 88.8 mmol) previously
dissolved in 30 mL of methanol. The resulting
mixture was stirred under reflux for 4 hours. On
cooling a white precipitate appears from the
uncolored solution. After filtration the precipitate
was thoroughly washed with cold methanol and
dried in desiccator over P,Os. A slow evaporation
of a methanol solution of the compound gave
crystal suitable for X-ray analysis. Yield: 41.1 %.
M.p. = 195°C. 'H NMR (250 MHz, DMSO-ds, 8y
(ppm)): 2.3 (S, 6H, CHj3), 7.3 — 8.6(m, 8H, Hpé,),
8.7 (S, 2H, N-H); 10.1 (S, 1H, O-H iminol). *C
NMR (250 MHz, DMSO-dg, 8¢, (ppm)): 155.4 (O-
C=N), 153 (C=0), 152.1 (Cpy), 120.4 (Cpy), 137.0
(Cpy), 124.2 (Cpy), 149.1 (Cpy), 147.9 (C=N), 11.9
(CHa), 22.8 (CHg). FT-IR (v, cm™): 3415, 32086,
1681, 1612, 1558, 1466, 1429, 1207, 1104. Anal.
calcd. for CisHigNgO: C, 60.80; H, 5.44; N,
28.36 %. Found: C, 60.78; H, 5.43; N, 28.32 %.

2.3 Synthesis of the
[Fea(HL)4]-(NO3)s-2H,0 (1)

Complex

A mixture of Fe(NO3)3-9H,0 (0.25 mmol) and H,L
(0.25 mmol) in methanol (20 mL) was stirred at
room temperature for one hour. The blood red
solution was filtered, and the filtrate was kept at
298 K. After one week blood red crystals suitable
for X-ray analysis appeared and were collected
by filtration. Yield (%) = 39.46. FT-IR (v, cm™) :
3461; 3157; 3075; 1617; 1572; 1546; 1464; 1357,
1317; 1201; 1157; 1011. UV-vis (solution, DMF,

A, (nm)): 208; 288; 385; 475. A (" cm®mol™):
439.1 (fresh solution) and 441.3 (two weeks
after). pes (MB) = 9.89.

2.4 Synthesis of the Complex
[Nis(HL)4]-(NO3)44H0 (2)
The above procedure was repeated:

Ni(NO3),-6H,0 was used instead Fe(NO3)3-9H,0.
After one week blood red crystals suitable for X-
ray analysis appeared and were collected by
filtration. Yield (%) = 57.63. FT-IR (v, cm™) :
3484; 3137; 3072; 1630; 1568; 1545; 1466; 1389;
1294; 1207; 1153; 1086. UV-vis (solution, DMF,
A (nm)): 211; 286; 383; 475; 790; 975. A (O
Lem?mol™): 438.1 (fresh solution) and 440.3
(two weeks after). per (MB) = 5.75.

25 X-ray Data Collection, Structure
Determination and Refinement

Details of the X-rays crystal structure solution
and refinement are given in Table 1. Diffraction
data were collected using a Bruker APEX-Il CCD
diffractometer with graphite monochromatized
MoK radiation (A = 0.71073 A) for the complex
(1) and Super Nova, Dual, Cu at home/near,
AtlasS2  diffractometer with  graphite
monochromatized CuKa radiation (A = 1.54184 A)
for the complex (2). All data were corrected for
Lorentz and polarization effects. No absorption
correction was applied. Complexes scattering
factors were taken from the program package
SHELXTL solution and refinement were
performed using SHELXT [27] and SHELXL-
2014/7 [28]. All hydrogen atoms were added in
calculated positions and refined in riding mode
on the parent atom. Molecular graphics were
generated using ORTEP-3 [29].

Diagram 1 . Keto-enol equilibrium of H,L in DMSO solution
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Diagram 2. Synthetic scheme for complexes 1 and 2

Table 1. Crystal data and data collection details of the complexes (1) and (2)

Empirical formula

CeoHeoN2404Fe,-4(NO3)-2(H,0) (1)

CeoHeoN2404Ni4-4(NO3)-4(H,0) (2)

Formula weight

1697.63

1729.28

(g/mol)

T (K) 293(2) 293(2)

Radiation Mo Ka (A = 0.71073 A) CuKa (A =1.54184 A)
Crystal system Tetragonal Tetragonal
Space group 14,/a I-42d

z 36 16

a (A) 13.8395 (4) 13.63430(10)

b (A) 13.8395 (4) 13.63430(10)

c (A) 35.8385 (10) 40.4899(4)
Volume (A% 6864.2 (3) 7526.84(13)

Dea (g cM™) 1.626 1.526

u(mm™) 0.922 1.873

Crystal size/mm® 0.4 x 0.24 x 0.22
F(000) 3447.2 3572.0

BOmax (°) 29.5 71.03

h, k, | range -10=sh<18;-18<k=<7;-45<1<27 -14<h<16;-16<k=<16;-49<1<49
Measured 11710 63061
reflections

Independant 4107 3638

Reflections

Reflections [l > 3130 3420

20(1)]

Rint 0.034 0.0279
Goodness-of-Fit 1.02 1.118

R1[l > 20(1)] R; = 0.0526 0.0364

wR, 0,127 0.1095
Data/parameters/ire  4107/271/0 3638/38/302
straints

APmax, Min (€ A°)  0.99/-0.77 0.44/-0.27
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3. RESULTS AND DISCUSSION
3.1 General Studies

The *H and *C NMR spectra of H,L recorded in
DMSO-dg reveal a partial iminolisation of the
ligand in dmso solution (Diagram 1). A broad
singlet appearing at 10.1 ppm is attributed to the
H-O proton of the iminol function. Two signals
pointed a 155.4 ppm (O-C=N) and 153 ppm (N-
C=0) are indicative of the simultaneous
presence of the iminol and the keto forms in
solution. Additionally, two signals at 11.9 ppm
and 22.8 ppm attributable to the carbon atoms of
the —CHjs groups are indicative of a dissymmetric
nature of the molecule after the iminolization.
The IR sPectrum of the ligand shows bands at
3415 cm™, 3206 cm™, 1681 cm™ and 1612 cm™,
which are, respectively, assigned t0 vo_y Vn-n,
ve=o and ve=y [30]. The bands due to the pyridine
ring appear in the range 1558-1466 cm™. Upon
coordination the FT-IR spectra of complexes 1
and 2 (Diagram 2) show a shift for the band due
to C=0 and C=N. For complex (1) vc=o and vc=y
are pointed, respectively, at 1617 cm™ and 1572
cm™. For complex (2) those bands are pointed at
1630 cm™ and 1568 cm™. These shifts to low
frequencies indicate the involvement of the
carbonyl oxygen atom and the azomethine
nitrogen atom to the coordination. Additionally,
the shift to low frequencies of the bands due to
the pyridine ring confirms the coordination of the
pyridine nitrogen atom. The sharp and strong
band which appears at 1380 cm™" in both

infrared spectra of the two complexes is
attributed to the free nitrate group. The electronic
spectrum of the iron (Il) complex in acetonitrile
solution shows three main bands at 288 nm, 385
nm, and 475 nm attributable, respectively,
attributed to n—=n*, n—n* of the ligand and to the
ligand-metal charge transfer band. In the UV-vis
spectrum of the nickel (Il) complex, besides the
intra-ligand bands we observe two bands at 790
nm and 975 nm. These bands correspond to the
d—d transitions which are characteristic of
octahedral geometry around Ni(ll) cation. The
molar conductivities of the fer (II) complex and
the nickel (II) complex are measured for a freshly
prepared acetonitrile solution and after two
weeks of standing. These values are,
respectively, 439.1 and 441.3 Q™ .cm®mol™ for
the iron(ll) complex and 438.1 and 440.3 O
Lem®molt for the for nickel () complex,

indicating electrolyte of type 4:1 [31] and good
stability of these complexes in acetonitrile.

3.2 Description of the Structures

Suitable single-crystals for X-ray diffraction of the
Fe(ll) and Ni(ll) complexes were obtained by
slow solvent evaporation at room temperature.
Crystal data, collection and refinement

parameters are listed in Table 1. Selected bond
lengths and angles are summarized in Table 2.
Figs. 1-2 and Figs. 4-5 displays, respectively,
the asymmetric unit and the packing diagrams of
the two compounds.

Fig. 1. ORTEP plot (30% probability ellipsoids) showing the molecule structure of the Fe"
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Fig. 2. ORTEP plot (30% probability ellipsoids) showing the molecule structure of the Ni"

Table 2. Selected bond lengths (A) and angles (°) for the complex 1

1
Fe1—O1' 2.1155 (16) Fel—N5' 2.098 (2)
Fel—O1 2.1057 (16) Fel—N6' 2.177 (2)
Fel—N2 2.104 (2) Fel—N1 2.149 (2)
01—Fe1—O1' 95.17 (9) N2—Fel1l—N1 74.51 (8)
Oli—Fe1—N6' 148.39 (7) N5i—Fe1—O1' 74.31 (7)
0O1—Fel—N6' 94.70 (7) N5i—Fel—O1 107.87 (7)
0O1'—Fel—N1 93.08 (7) N5'—Fel—N2 172.63 (9)
0O1—Fel—N1 148.17 (7) N5'—Fel—N6' 74.08 (8)
N2—Fe1—O1' 112.84 (7) N5'—Fel—N1 103.96 (8)
N2—Fel—O0O1 73.95 (7) N1—Fel—N6' 94.16 (8)
N2—Fel—N6' 98.74 (8) Fel—O1—Fel" 131.02 (7)
Symmetry codes: (i) —~y+3/4, x-1/4, —-z+3/4; (i) y+1/4, -x+3/4, —z+3/4.

Table 3. Selected bond lengths (A) and angles (°) for the complex 2
2
Ni1—O1' 2.097 (2) Nil—N2 1.982 (3)
Ni1l—O1 2.109 (2) Ni1l—N5' 2.002 (3)
Nil—N1 2.091 (3) Ni1l—Ne6' 2.079 (3)
01'—Ni1—01 90.60 (11) N5'—Ni1—O1' 77.18 (10)
N1—Ni1l—O1 155.02 (10) N5'—Ni1—O1 109.33 (10)
N1—Ni1—O1' 93.37 (10) N5'—Ni1—N1 95.59 (11)
N2—Ni1—O01 76.35 (10) N5'—Ni1—N6' 77.48 (12)
N2—Ni1—O1' 102.75 (10) N6'—Ni1—O1 91.08 (10)
N2—Nil—N1 78.72 (11) N6'—Ni1—O1' 153.68 (10)
N2—Ni1—N5' 174.31 (12) N6'—Ni1—N1 96.09 (11)
N2—Ni1—N6' 103.17 (12) Ni1l"—O1—Ni1 137.64 (10)

Symmetry codes: (i) —y+1, x, —z+1; (ii) y, —x+1, —z+1.

The tetranuclear iron(ll) (1) and (Ni(ll) (2)
complexes crystallize in the tetragonal space
group l4;/a. The molecular structures of the
complexes 1 and 2 with the atomic numbering
scheme are illustrated in Figs. 1 and 2,
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respectively. Selected bond distances and
angles are listed in Tables 2 and 3. The
complexes consist of a 2 x 2 square grid formed
with four metal (ll) ions bridged by four
monodeprotonated ligand (HL). Four nitrate
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anions and two (1) or four (2) uncoordinated
water molecules are present in the asymmetric
unit. The two complexes 1 and 2 are isostructural.
Four metal ions and four  organic
monodeprotonated ligand form a 2 x 2 grid
structure. The pentadentate organic ligand acts
in its syn-conformation form through the two
azomethine nitrogen atoms, the two pyridine
nitrogen atoms, and the carbonyl oxygen atom
which acts as bridge between two metal ions.
The bridging angles are Fe—O—Fe [131.02(7)°]
and Ni—O—Ni [137.64(10)°]. Each metal ion is
situated in a N,O, core and the environments
around the metal ions are best described as a
strongly distorted octahedral geometries (Figs.
3a and 3c). The equatorial planes are occupied
by the N1, N6, O1 and O1' atoms while the N2
and N5' atoms occupy the apical positions in
each structure. The values of the cissoid angles
in the equatorial plane vary between 93.08(7)°
and 95.17(9)° for complex 1 and 91.10(11)° and
96.09(11)° for complex 2. The transoid angles
are 148.17(7)° and 148.39(7)° for complex 1 and
153.68(10)° and 155.02(10)° for complex 2. The
angle defined by the atoms occupying the axial
positions are 172.63(9)° (1) and 174.31(12)° (2).
These angle values deviated severely from the
ideal values of 90° and 180° expected for
octahedral environment. The adjacent Fe(ll) in (1)
and Ni(ll) in (2) ions are bridged by the oxygen
atom of their shared ligand. The Fe—O distances
[2.1057(16 A and 2.1155(16) A] and Ni—O
[2.097(2) A and 2.109(2) A] are comparable to
the values found for similar complexes [32, 33].

The bond lengths of Fe—Np, [2.149(2) A and
2.177(2) A] are longer than the distances of Ni—
Npy [2.079(3) A and 2.091(3) A]. The distances
Fe—Fe [3.8413(6) A] and Ni—Ni [3.9218(8) A]
are compatible with the presence of interaction
between metal centers. The oxygen atoms are
situated alternatively up [0.868 A] and down
[0.868 A] of the mean plane formed by the four
iron(ll) giving a boat-like arrangement as shown
in Fig. 3b. The same facts are observed in the
nickel(ll) complex. The oxygen atoms are
situated alternatively up [0.743 A] and down
[0.743 A] of the mean plane formed by the four
nickel(Il) giving a boat-like arrangement as
shown in Fig. 3d. The [2 x 2] grid for the complex
1 is not perfectly square as can be seen by the
dihedral angles involving the mean planes
defined by adjacent hydrazone moieties [89.85°]
and the dihedral angle value of 5.85° between
the mean planes defined by the opposite
hydrazone moieties. In complex 2 the dihedral
angle between the mean planes defined by
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adjacent hydrazone moieties [89.82°] and the
dihedral angle [6.47°] between the opposite
mean planes defined by hydrazone moieties
show that the [2 x 2] grid is not perfectly square.
The supramolecular structure of the two
complexes (1) and (2) shows a chains of
molecules linked by numerous intermolecular
hydrogen bonds of type C—H---ONO, and C—
H---OH, (Tables 4 and 5). Intermolecular
hydrogen bond of type Nhygrazin—H---ONO, are
also observed in both structures (Figs. 3 and 4).
In the complex 1, intramolecular hydrogen
bond of type Npygrazin—H---ONO, and C—
H---ONO, consolidate the structure (Fig. 3, Table
4).

3.3 Electrochemistry Study

The electrochemical properties of tetranuclear
square grids iron (ll) and nickel (II) complexes
were studied by cyclic voltammetry using a
carbon graphite working electrode auxiliary to
platihnum wire in acetonitrile and lithium
perchlorate as supporting electrolyte. The
voltammeter parameters were studied in the

sweep frequency range 10-300 mV-S™*. The
voltammograms of the complexes presented in
Figs. 6-9 respectively, were recorded between -
300 to 300 V with a scan rate of 100 mV/S in
acetonitrile. On the cyclic voltammogram of the
iron (Il) complex (1), the anodic part shows two
oxidation peaks at potentials 1.201 V and 1.424
corres onding to dielectronic  processes
Fe'Fe'Fe''Fe' — Fe'Fe'Fe"Fe"
Fe"Fe"Fe""Fe". The cathodic part reveals two
reduction peaks at potentials -1.013 V and -1.322
V corresponding to the dielectronic processes
Fe”'Fe”'Fe”'Fe'”—>Fe”'Fe'”Fe”Fe”—» Fe”Fe”Fe”Fe”.
Analysis of the cyclic voltammogram of the
nickel(Il) complex reveals four reduction peaks at
potentials 0.395 V, -0.441 V, -1.332 V and -1.794
\% corresPonding to the single-electron processes
Ni"Ni"Ni"Ni" Ni"Ni"Ni"Ni' —
Ni"Ni"Ni'Ni'=Ni"Ni'Ni'Ni'—  Ni'Ni'Ni'Ni' and four
oxidation peaks at potentials 1.531 V, 0.689 V, -
1.019 V and -1.649 V corresponding to the
single-electron  processes  Ni'Ni'NiNi' —
Ni"NiI'Ni'Ni'  —Ni"Ni"Ni'Ni'  —  Ni"Ni"Ni"Ni'
Ni"Ni"Ni"Ni". The kinetic study on the oxidation
and reduction of the two complexes with different
scan rates shows an increase in the intensity of
the oxidation and reduction peaks with increasing
scan rate. The ratios of the anodic peak current
to the cathodic peak current tend towards unity
indicating a reversibility of the redox processes in
both complexes.
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o'

Fel

Fig. 3. Plot showing the environment around the Fe(ll) (a) and Ni(ll) (c) ions and boat-like
arrangement formed by the four Fe(ll) ions (b) and by the four Ni(ll) ions (d)

Table 4. Hydrogen bond geometry (A, °) in complex 1

D—H---A D—H H---A D---A D—

H---A
N4—H4..-03 0.86 2.01 2.783(5) 149.3
C1—H1.--03" 0.93 2.47 3.324(5) 152.1
C1—H1---N3B" 0.93 2.63 3.358(6) 135.4
C1—H1.--02" 0.93 2.66 3.256(5) 122.9
C10—H10A---03 0.96 2.48 3.395(7) 160.0
C10—H10B---05" 0.96 2.43 3.342(6) 159.2
C10—H10C---N3" 0.96 2.55 3.432(4) 152.3
C4—H4A.--N7" 0.93 2.65 3.314(3) 128.8
C4—H4A.--04"" 0.93 2.52 3.293(5) 140.8
C4—H4A.--06"" 0.93 2.41 3.272(5) 154.9
C14—H14---06 0.93 2.55 3.210(5) 128.4
C7—HT7A.-.04' 0.96 2.55 3.501(6) 168.5
C7—H7C---02" 0.96 2.53 3.475(6) 169.8
C12—H12.--04" 0.93 2.52 3.372(5) 153.2
C2—H2---02" 0.93 2.42 3.073(6) 127.1

Symmetry codes: (i) —y+3/4, x=1/4, —z+3/4; (iii) y+1/4, -x+5/4, z+1/4; (iv) —y+3/4, x+1/4, z+1/4; (v) y+3/4, -x+3/4,
z-1/4; (vi) —x+3/2, —y+1/2, —=z+1/2; (vii) —y+1/4, x—1/4, z—1/4; (viii) y+1/4, -x+7/4, —z+3/4; (ix) -x+1, =y+1/2, z.

Table 5. Hydrogen bond geometry (A, °) in complex 2

N4—H4...03' 0.86 1.99 2.784 (8) 154.1
N4—H4...08' 0.86 2.28 3.068 (12) 152.7
C4—H4A...05" 0.93 2.45 3.287 (13) 1495
C7—H7A.--07" 0.96 2.52 3.320 (12) 1405
C14—H14...02" 0.93 2.61 3.285 (7) 130.2
C14—H14---04" 0.93 2.48 3.274 (13) 143.6
C15—H15C---03' 0.96 2.64 3.254 (14) 122.4
09—H9A.--04" 0.85 2.28 2.967 (16) 138.3

Symmetry codes: (i) —y+1, x, —z+1; (iiij) —y+1, —x+3/2, z+1/4; (iv) —x+3/2, y, —z+3/4; (v) x-1/2, —-y+1, —z+3/4
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Fig. 6. Cyclic Voltammogram of the complex 1 in CH3CN containing 0.1 M LiClO4. Working
electrode: 2 mm diameter of graphite carbon electrode, scan rate: 25 m-Vs™
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Fig. 7. Cyclic Voltammogram of the complex 2 in CH3;CN containing 0.1 M LiClIO,4. Working
electrode: 2 mm diameter of graphite carbon electrode, scan rate: 500 m-Vs™
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Fig. 8. Cyclic Voltammograms of the complex 1 in CH3CN containing 0.1 M LiClIO4. Working
electrode: 2 mm diameter of graphite carbon elec1trode scan rate: 10, 25, 50, 100, 200 and 300
mvs~
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Fig. 9. Cyclic Voltammograms of the complex 2 in CH3CN containing 0.1 M LiClO,4. Working
electrode: 2 mm diameter of graphite carbon elegtrode scan rate: 10, 25, 50, 100, 200 and 300
mVs’

3.4 Magnetic Property Of
[Fe4(HL)4](NO3)42H20

Complex

The dependence of the magnetic susceptibility
on the temperature of the tetranuclear iron (Il)
complex (1) was measured in the temperature
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range 300-2 K with an applied field of 1000 Oe.
The magnetic susceptibility varies weakly in the
temperature range 300 — 100 K and grows faster
below 100 K by tending asymptotically towards
the ordinate axis at low temperature (Fig. 10). To
elucidate the magnetic properties of the complex
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(1) we have drawn the curve of the product of
molar susceptibility with temperature as a
function of the latter: 4T vs T (Fig. 11). The value
T is almost constant between 200 K and 300 K
and at room temperature it is equal at 10.69
cm®K-mol™. This value is lower than 12.004

cm®K-mol™, expected for four iron (Il) without
magnetic interaction with S = 3/2 and g = 2. This
large difference is due to the presence of an
antiferromagnetic interaction within the complex.
The curve of the variation of 1/y vs T (Fig. 12)
shows that the magnetic susceptibility data in the
range of 25-300 K fits the Curie-Weiss law, y=
C / (T - ©), with Curie constant C = 11.69 cm®
mol™ K* and negative Weiss constants 8 of -
27.55 K, which indicates the antiferromagnetic
exchange coupling between the Fe (ll) ions. The
evolution of the magnetization as a function of
the magnetic field of the complex 1 at 2 K shows
an increase in the magnetization and tends
towards a value of 4.505 Nf8 at 70 kOe (Fig. 13).

1.2 1
1.04

0.8+

0.6 1

x(cm?.mol ™)

0.4+

0.2 1

This value is far from the saturation value for four
high spin Fe(ll). This shift could be due to Zero
field splitting and anisotropy phenomena. The
magneto-structural study shows a perfect
correlation between the crystallographic data and
the magnetic properties of complex 1. The
distances between two adjacent iron (ll) ions and
two diagonal iron (llI) ions measure respectively
3.841 A and 5.415 A. The distance 3.841 A is
close to that observed in an iron (Il) tetranuclear
complex  exhibiting an  antiferromagnetic
interaction between adjacent iron (II) ions [34].
The distance 5.415 A is greater than that
observed between two iron ions (llI) without
interaction. This remark allows us to neglect the
magnetic interaction between the diagonal iron (II)
ions (Fig. 14). The bridging Fe—O—Fe angle
value of 131.06° agrees  with the
antiferromagnetic coupling observed within the
complex 1 [35].

0.04

-
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Fig. 10. Experimental variations of yMversus T for complex 1 at 1000 Oe
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Fig. 11. Experimental variations of yMTversus T for complex 1 at 1000 Oe



Traoré et al.; Int. Res. J. Pure Appl. Chem., vol. 24, no. 4, pp. 50-67, 2023; Article no.IRJPAC.104173

—+— Experimental
et Theorical
20 A 7,53’"' X
= N
= C=11.69 /:‘-
10 - vc-o08ss 7
I:"
T R
0=-27.55 L)
0 T l T '|' T I T | T | T 'I'
0 50 100 150 200 250 300
T(K)

Fig. 12. Experimental variations of 1/y versus T for complex 1 at 1000 Oe
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Fig. 13. Isothermal magnetization of 1 at 2 K
3.5Magnetic  property of complex SQUID magnetometer. For the complex 2 a

[Nis(HL)4]-(NO3)s-4H0

The magnetic properties of the compound 2 have
been investigated in the temperature range
2-300 K an applied field of 1000 Oe on
powdered microcrystalline samples with a
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decrease of the product 4T with cooling is
observed. This decay is the manifestation of an
antiferromagnetic interaction in accordance with
the crystallographic structure. The value of

product 4T (4.13 cms-K-mol'l) at room
temperature (Fig. 15) is lower than the expected
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value of 5.06 cm®K-mol™ for four nickel(ll) ions
without interaction for a gyromagnetic constant g
= 2.248. This shift confirms the antiferromagnetic
coupling between the nickel (ll) ions. Fig. 16
represents the  evolution of magnetic
susceptibility vs the temperature. It shows that
the magnetic susceptibility increases with cooling
from 0.015 cm®*mol™ to 0.042 cm®mol™ in the
range 300-14 K and subsequently decreases

very rapidly to 0.005 cm®mol™. The presence of

0

Fig. 14. square grid with structural parameters that can influence the magnetic properties of

a maximum at Neel temperature (TN =41 K) is a
characteristic of a strong intramolecular
antiferromagnetic coupling. It is established by
previous studies that the value of the bridging
angle Ni—O—Ni is an important parameter in the
magneto-structural correlation [36, 37]. The
Ni—O—Ni bridging angle which is 137.6(1)° is well
correlated with the antiferromagnetic interactions
for complex 2.

the complex 1

= exp
fit
4
£ 3
=
2
M 24
:
& 14
=
0_
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Fig. 15. Experimental variations of yMTversus T for complex 2 at 1000 Oe
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Fig. 16. Experimental variations of yMversus T for complex 2 at 1000 Oe

4. CONCLUSION

Tetranuclear square [2 x 2] homodivalent Fe(ll)
and Ni(ll) grid complexes comprising symmetric
picolinic hydrazone-based ligand have been
synthesized. The complexes are fully
characterized by infrared and UV-Visible
spectroscopies, molar conductivity measurement,
electrochemistry study, single crystal XRD and
magnetic property analysis. The complexes are
formulated as [Fes(HL)4]-(NO3)4-2H,0O and

[Nig(HL)4]-(NO3)4-4H,0. All the metal centers are
situated in strongly distorted octahedral
environment. Both complexes show
antiferromagnetic coupling with a best intensity
coupling in complex 2. The magneto-structural
study showed a perfect correlation between the
crystallographic data and the magnetic properties.
The electrochemical study showed a two
electronic process for complex 1 and one
electronic process for the complex 2.
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