IOSR Journal of Applied Chemistry (I0OSR-JAC)
e-1SSN: 2278-5736.Volume 13, Issue 6 Ser. | (June. 2020), PP 08-17
www.iosrjournals.org

Synthesis, spectroscopic studies and X-ray structure
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Abstract: Polynuclear mixed oxidation Co'"'—Co"—Co" complex formulated as{[(HL)(SCN)Co](m-

L)[Co(SCN)4](m-L)[Co(SCN)(HL)]}»2(C,Hs0H)-2(H,0) (1) has been prepared from a Schiff base (HL = N, N-
dimethyl-N'-  ((5-methyl-1H-imidazol-4-yl)methylene)ethane-1,2-diamine) containing imidazole ring. The
complex (1) is characterized by elemental analysis, UV-Vis and IR spectroscopic studies. The complex (1)
crystallizes in the triclinic space group P-1 with unit cell dimensions a = 11.3017 (7) A, b = 15.1468 (11) A, c =
18.9796 (18) A, o = 71.849 (7)°, = 82.048 (7)°, y= 86.477 (6)°, V = 3057.1 (4) A*>, Z=1, R, = 0.092 and wR,
= 0.308. Both Co'" andCo'"" cationsare in a Ng inner and are situated in a distorted octahedral environment. The
Co" cation is linked by two imidazole nitrogen atoms and fournitrogen atoms from thiocyanate anions. The Co""
cation is octacoordinated is linked by two imidazole nitrogen atoms, two imino nitrogen atoms, one secondary
amino nitrogen atom and one nitrogen atom from thiocyanate anion. Variable temperature (300-2 K) magnetic
susceptibility measurements have been carried out for the complex.
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. Introduction

Coordination chemistry based on the use of Schiff bases has been experiencing a revival in recent years
owing to the contribution of organic chemistry. Increasingly functionalized organic molecules used as ligand are
prepared from concepts of modern organic chemistry [1-4]. These new Schiff bases combined with transition
metal yield coordination compounds with original structures and with diverse physical properties [5-8]. Cobalt
is a versatile transition metal with several degrees of oxidation. Complexes with Co(11)[9,10], Co(l11)[11,12], or
both Co (Il) and Co (111)[13,14]are widely reported. These cobalt complexes are present in fields such as
electrochemical materials [15,16], catalysis[17,18], biology [19,20], and molecular magnetism [21,22], and in
natural compound such as vitamin B12. Schiff bases derived from a precursor having a functionalized or non-
functionalized imidazole moiety and their cobalt complexes are widely used. Several mononuclear [23-25],
dinuclear [26-28], or trinuclear [26, 29-31] complexes are reported in the literature. These compounds are
studied for their physical properties as well as their antimicrobial activities and the possibility that they offer in
the study of metallo-enzymes. Indeed, there are often metal ions linked to the nitrogen atom of imidazole in
biomolecules [32,33]. It’s in this context that we prepared a Schiff base containing a substituted imidazole ring
to synthesize a new bis-trinuclear complex {[(HL)(SCN)Co](1L)[Co(SCN),](x-
L)[Co(SCN)(HL)1}22(C,HsOH)-2(H,0) (1) (HL = N, N-dimethyl-N-  ((5-methyl-1H-imidazol-4-
yl)methylene)ethane-1,2-diamine (CgHgNy4)). In this work, we have described the synthesis, the spectroscopic
properties and the crystal structure of the complex (1) of neutral cobalt obtained by the complexation of the
previous Schiff base with Co(NO3),-6H,0 with the presence of KSCN.
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Table-1.Crystallographic data and refinement parameter for the complex (1).

Chemical formula

Ca2H62C03N25S6- Ca2He2C03N22S6-2(C2Hs0)-2(H,0)

M

2616.73

Crystal shape/color

Cut block/clear yellow

Crystal system, space group

Triclinic, P-1

Crystal size (mm)

0.09 x 0.08 x 0.08

a(d) 11.3017 (7)
b (A) 15.1468 (11)
¢ (R) 18.9796 (18)
SNG) 71.849 (7)
B 82.048 (7)

Y () 86.477 (6)

V (A% 3057.1 (4)

z 1

Dearc (g-cm™) 1.382

[ (MoK YA) 0.71073
T(K) 293

g (mm™) 1.06

Index ranges

-15 <h <15, -19<k< 20, -26<1<25

F(000) 1312

[ range (°) 3.40-29.71
No. of measured reflections 58378

No. of independent reflections 15441

No. of observed [I> 26(1)] reflections 10360

Rint 0.088
R[F?> 26(F?)] 0.092
wWR(F?) 0.308
Goodness-of-fitt (Gof) on F? 1.05

No. of parameters 698

No. of restraints 25

Aprmaxs Apmin (8 A7) 1.77,-1.82

Table-2.Selected bond distances [A] and angles [deg] for the complex (1).

Col—N3 1.888 (5) Co3—N5A 2.119 (5)
Col—N5 1.896 (4) Co3—NBA 2.119 (5)
Col—N2A 1.902 (4) Co3—N6A 2.130 (5)
Col—N2 1.933 (4) Co3—NBA! 2.130 (5)
Col—N3A 1.980 (5) Co3—N1A 2.189 (4)
Col—N4 2.060 (5) Co3—N1A! 2.189 (4)
Co2—N3B 1.897 (5) Co4—N5C 2.056 (7)
Co2—N2C 1.913 (4) Co4—N5C" 2.056 (7)
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Co2—N5B 1.918 (5) Co4—N1C" 2.151 (5)
Co2—N2B 1.932 (4) Co4—N1C 2.151 (5)
Co2—N3C 1.975 (4) Co4—N6C 2.265 (10)
Co2—N4B 2.048 (4) Co4—N6C" 2.265 (10)
N3—Col—N2A 93.46 (19) N2—Col—N4 167.3 (2)
N5—Col—N2A 175.9 (2) N3A—Col—N4 97.8 (2)
N3—Col—N3A 174.65 (19) N5A—C03—N5A! 180.0
N2A—Co1—N3A 81.41 (19) N5A—C03—NB6A 89.2 (2)
N3—Col—N4 84.1(2) N1A—C03—N1A 180.0

Symmetry codes: (i) —x+2, —y+2, —z—1; (ii) —x+1, —y+2, —z.

I1.  Materials and physical methods

2.1. Startingmaterials and Instrumentations

All chemicals and solvents were of analytical reagent grade and were used directly without further
purification. The ligand N,N-dimethyl-N'-((5-methyl-1H-imidazol-4-yl)methylene)ethane-1,2-diamine (HL) was
synthesized according to the literature[34]. Elemental analyses of C, H and N were recorded on a VxRio EL
Instrument. Infrared spectra were obtained on a FTIR Spectrum Two of Perkin EImer spectrometer in the 4000-
400 cm™ region. The UV-Visible spectra were recorded on a Perkin Elmer Lambda UV-Vis spectrophotometer.
The molar conductance of 1x10° M in DMSO solutions of the metal complexes was measured at 25 °C using a
WTW LF-330 conductivity meter with a WTW conductivity cell. Room temperature magnetic susceptibilities of
the powdered samples were measured using a Johnson Mattey scientific magnetic susceptibility balance
(Calibrant: Hg[Co(SCN)4]).

2.2. Synthesis of the complex
{[(HL)(SCN)Co] (m-L)[Co(SCN)] (m-L)[Co(SCN)(HL)]}>2(C,HsOH)-2(H,0) (1)

To a solution of 5-methyl-1H-imidazole-4-carbaldehyde (0.1100 g, 1 mmol) in 30 mL of ethanol was
added (0.0881 g, 1 mmol) of N,N-dimethylethane-1,2-diamine. The resulting yellowish mixture was stirred for
30 min. A solution of Co(NO3),-6H,0 (0.294 g, 1 mmol) in 5 mL of ethanol was added at room temperature.
The initial yellow solution which turned immediately into a clear yellow color upon addition of metal salt was
stirred for 2 hours. The mixture was filtered off and the solution was evaporated near dryness. The solid was
isolated by filtration and recrystallized from a minimum of ethanol. On standing for one day crystals suitable for
X-ray analysis were formed. Yied: 63 %. M.p.: 212°C. Anal. Calc for CggH140N44S1,0,C0¢: C, 40.39; H, 5.39;
N, 23.55; S, 14.70. Found: C, 40.37; H, 5.35; N, 23.52; S, 14.67. IR (cm™): 3429 (vo_y), 3420(vy_p), 2052
(vsen), 1588 (Veen), 770 (8c=s). UV-visible (Amax (NM), DMF): 987, 497. Conductance A (S.cm?mol™): 10 (fresh
solution) and 11 (two weeks after). e (MB) :11.758.

2.3. Crystal structure determination

Crystals suitable for single-crystal X-ray diffraction, of the reported compound (1), were grown by
slow evaporation of EtOH solution of the complexes. Details of the crystal structure solution and refinement are
given in Table 1. Diffraction data were collected using an ENRAF NONIUS Kappa CCD diffractometer with
graphite monochromatized MoKa radiation (A = 0.71073 A). All data were corrected for Lorentz and
polarization effects. No absorption correction was applied. Complex scattering factors were taken from the
program package SHELXTL[35]. The structures were solved by direct methods which revealed the position of
all non-hydrogen atoms. All the structures were refined on F? by a full-matrix least-squares procedure using
anisotropic displacement parameters for all non-hydrogen atoms[36]. The hydrogen atoms of water molecules
and NH groups were located in the Fourier difference maps and refined. Others H atoms (CH and CH; groups)
were geometrically optimized and refined as riding model by AFIX instructions. Molecular graphics were
generated using ORTEP[37].

I1l.  Results and Discussion
3.1 General studies
The ligand HL was prepared in situ by a facile condensation of 5-methyl-1H-imidazole-4-carbaldehyde
and N,N-dimethylethane-1,2-diamine in methanol as reported in our previous work[34](Scheme 1). The
polynuclear mixed Co(ll)/Co(lll) complex was obtained by adding to the above solution an equimolecular
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mixture of Co(NO3),-6H,0 and KSCN in 1:2 ratio in ethanol. The versatile thiocyanate possesses a polarizable
7 system and two donor atoms with different character (N is a hard donor atom and S is a soft donor atom). It
can act in unidentate fashion through the terminal N-atom or the terminal S-atom, in bidentate fashion as bridge
through the N-atom donor and the S-atom donor or remains free as counter anion. In the synthesis reaction of
the complex, the substitution of the nitrate anions of cobalt(ll) salt is facilitate by the use of ethanol in which
KSCN and cobalt nitrate are very soluble while the resulting KNOs; is insoluble. The elemental analyses result
are in accordance with the chemical formulae obtained from X-ray diffraction study : {[(HL)(SCN)Co](u-

L)[Co(SCN)4](m-L)[Co(SCN)(HL)]}22(C,HsOH)-2(H,0).
H
N
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Scheme 1.Synthetic scheme for the ligand and it’sCo"'—Co"—Co"'complex preparation.

The infrared spectrum of the complex exhibitstwo broad bands in the range 3440-3430 cm™ which are
attributed to OH of lattice water/ethanol molecules and NH stretching[38,39]. The vibration of the imine
function appears at1558 cm™ while the spectrum of the free Schiff base reveals a band at 1644 cm™. This shift to
low frequencies is indicative of the involvement of the nitrogen atom of the azomethine in the coordination
sphere of the cobalt atom. The thiocyanate moiety shows an intense and sharp band at 2052 cm™ assignable to
the coordinated thiocyanate group[40]. Bands due to the aromatic ring are pointed in the region 1545-1446 cm™.
Three bands at 10129 cm™, 20 120 cm™ and 36101 cm™ appear on the UV spectrum of the polynuclear complex.
The two higher energy bands are allocated to d - d transitions while the third lower energy band is allocated to
an MLCT transfer. In the case of an octahedral envwonment with a Co(ll) ion, three d - d transitions are allowed
and expected: 4Tlg — ng (vl) Tlg — Azg (v2) and Tlg — Tlg (P) (v3). In the case of this complex the wide
band pointed at 20120 cm™ corresponding to the high energy transition is attributed to the transition T1g — Tlg
The second expected band mvolvmg a bi-electronic process which mduces an extremely low intensity is
attributed to the transition 4Tlg — Azg The lower energy band is 10129 cmtis Iocated in the near infrared and
is assigned to the 4Tlg — ng transition[41,42].The band pointed at 31250 cm™ is due to m—n* electronic
transition in the azomethine chromophore. The thiocyanate moiety also exhibits a band at 28169cm™which is
due to n—rn* electronic transition in the thiocyanate chromophore[34].The bands due to the transitions in
Co(l11) ions in octahedral geometry[43,44], expected in the range 21740—23585 cm™, are obscured by the
broad band at 20120 cm™ which is due to the Co(ll) ion in octahedral environment. The structure of the complex
present simultaneously Co(lll) and Co(ll) ions. The value of the magnetic moment at room temperature of the
complexofl1.758 B.M.which is consistent with the presence of two high-spin Co(ll) ions in octahedral
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environment. The molar conductivity which is 10 S.cm?mol™ is indicative of a neutral electrolyte in DMF
solution[45].

3.2. Structure description of the complex

The compound 1 crystallizes in triclinic space group P-land displays three-D architecture. The
asymmetric unit contains two Co (II), four Co (111) ions, four neutral HL ligand molecules, four mononegative
L, twelve thiocyanate anions, two uncoordinated ethanol molecules and two lattice water molecules. There are
two crystallography independent Co ions. The central Co3 and Co4 are coordinated by four thiocyanate anions
through the nitrogen atoms and two imidazole nitrogen atoms from two different monodeprotonated ligand
molecule which act as bridge through their second imidazole nitrogen atom. The environment of the
hexacoordinated central Co(ll) is best described as a slightly distorted octahedral geometry. All values of the
transoidN—Co—N angles are 180.0° for Co3 and Co4. The values of the cissoid N—Co—N angles are in the
ranges [86.67(19)—93.33(19)°] for Co3 and [83.2(3)—96.8(3)°] for Co4 and are close proximity to the ideal
value of 90° expected for a perfect octahedral geometry. These angles values show that the environment of Co4
is more distorted than that of Co3. For the inversion center Co3, the basal plane is occupied by the four
thiocyanate nitrogen atom with the shorter distances [Co3—N5A = 2.119(5) A and Co3—N6A = 2.130(5) A],
the apical positions being occupied by two imidazole nitrogen atoms with the longer bond length [Co03—N1A =
2.189(4) A]. For the inversion center Co4, the basal plane is occupied by two imidazole nitrogen atoms and two
thiocyanate nitrogen atom with the shorter bond lengths[Co4—N1C = 2.151(5) A and Co4—N5C = 2.056(7)
A1, the apical positions being occupied by two thiocyanate nitrogen atoms with the longer distance [Co4—N6C
= 2.265(10) A]. Each of the terminal Co(lll) issix-coordinated by one thiocyanate nitrogen atom, by one neutral
ligand molecule through one imidazole nitrogen atom, one secondary amino nitrogen atom and one tertiary
amino atom. The second monodeprotonated ligand molecule acts in bidentate fashion through one imidazole
nitrogen atom and one secondary amino nitrogen atom, the tertiary nitrogen atom remains free. The basal planes
are occupied by the amino nitrogen atoms while the apical positions are occupied by the thiocyanate nitrogen
atom and the imidazole nitrogen atoms. The transoid angle values are in the range [175.9(2)—166.14(19)°] and
the cissoid angle run in the interval [81.41(19)—97.8(2)°]. For all the terminal Co (Il) the environment is
described as distorted octahedral geometries. The Co—N distances are in the range [1.888(5)—2.265(10) A]
and are consistent with the normal value for Co—N bond length[46,47].The three Co atoms, in each molecule
complex in the asymmetric unit, are co-linear with equal distances between two adjacent atoms [6.123 A
(Col...Co3) and 6.096 A (Co2...Co4)].In the crystal structure, the trinuclear units are arranged into layers
parallel to [011] direction.

é01

Figure 1:ORTEP plot (30% probability ellipsoids) showing the structure of (1).
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Figure 2: Layers of the trinuclear units parallel to the [011] direction.

3.3. Magnetic property

The temperature dependence of the magnetic susceptibility of the crystalline polynuclear compound
wasmeasured in the temperature range 300-2 K with an applied field of 1000 Oe (Figure 3).The shape of the
curve yy = f(T) (Figure 3), shows that the molar susceptibility increases slightly in the temperature range 300-
100K and grows faster below 100 K by tending asymptotically towards the ordinate axis at low temperature.To
elucidate the magnetic properties of the complex we have drawn the curve of the product of molar susceptibility
by temperature as a function of the latter: y,T = f(T)(Figure 4). The value of yT at room temperature 0f3.29
cm*K mol™per cobalt (11) ion is higher than the value of 1.875cm® K mol™expected for Co(ll)ion with S = 3/2
and g = 2.00[48]. This large difference is due to the significant orbital contribution often observed for cobalt (1)
ion with strong spin of the fundamental state 4Tlg. On decreasing the temperature, the yy,Tvalue remains almost
constant up to 100 K. Below 100 K, the yuT value decreases to reach a value of 2.05 cm® K mol™ at 2 K. This
fact may be due to an antiferromagnetic interaction, to a spin coupling and/or zero field splitting of the “T,,
ground state. The crystallographic structure indicates a central cobalt (I1) surrounded by two terminal cobalt
(111). The two Co*'diamagnetic ions isolate Co*"and prevent any intramolecular antiferromagnetic coupling.
Indeed, we note that the Co-N distances are longer for the central atoms Co3/Co4 than for the terminal cobalt
atoms Co01/Co2. These data confirm the low spin and high spin configurations for the Co®" and Co?" ions,
respectively. The distance value of 10.351 A between two cobalt (1) ions belonging to two trinuclear
unitsindicates the absence of intermolecular antiferromagnetic interaction.The different trinuclear units being
independent of each other. The value of yuT equal to 3.29 cm® K/mol at the temperature of 300 K would
correspond to a cobalt (I1) ion with spin S = 3/2 and a value of g = 2.65. Thus, the decrease in yyT below 100 K
could be attributed to a zero-field splitting of the fundamental level *T14 in “A,, and “Ey. These gives, after spin
orbit coupling, the three levelsI'g(J=1/2), T'; (J=1/2) and I'7(J=3/2). The decrease of yT at low temperature, can
be explained by the variation of the population of these levels. At 2 K the yyyTvalue is 2.05 cm®K mol*avoiding
the existence of antiferromagnetic coupling.The variation of the magnetization versus the applied field at 2 K,
shows the increase of the magnetization without saturation up to 70 000 Oe.The shape of the curve M = f
(H)(Figure 5)can be explained by the low temperature populating of the low excited levels resulting from the
combined effects of zero field splitting and spin orbit coupling.
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Figure 3: Experimental variations of yyversusT for complex 1at 1000 Oe.
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Figure 4: Experimental variations of yT versus T for complex 1lat 1000 Oe.
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Figure 5: Isothermal magnetization of 1 at 2 K.

IV.  Concluding remarks

In this present work, we synthesized a multinuclear complex with mixed valence [Co"'—Co"—
Co"using N,N-dimethyl-N'-((5-methyl-1H-imidazol-4-yl)methylene)ethane-1,2-diamine (HL) in the presence
of potassium thiocyanate. In the structure each Co"' ion is coordinated by one neutral ligand molecule and
bridged to the Co" by another monodeprotonated ligand molecule.Each Co"' ion is coordinated to one
thiocyanate group through the terminal nitrogen atomwhile the central Co" is linked to four thiocyanate groups
in similar fashion. The terminal Co"" ions as well as the central Co" ion are in octahedral environment in a Ng
core. The molecules of the complex are arranged in layers parallel to [011] direction. The temperature variable
magnetic measurement shows that two Co" ions isolated and no significative interaction was observed.

V.  Supporting information
CCDC-2010963 contains the supplementary crystallographic data forthis paper. These data can be
obtained free of charge via https://www.ccdc.cam.ac.uk/structures/, or by
emailingdata_request@ccdc.cam.ac.uk, or by contacting The Cambridge Crystallographic Data Centre, 12
UnionRoad, Cambridge CB2 1EZ, UK; fax: +44(0)1223-336033.

References

[1]. V.G. Vlasenko, A.S. Burlov, Y.V. Koshchienko, A.A. Kolodina, Y.V. Zubavichus, V.A. Lazarenko, V.N. Khrustalev, Synthesis,
crystal structure and magnetic properties of copper(ll) complexes with 4-methyl-N-[2-[(E)-2-
pyridyl[alkylJiminomethyl]phenyl]benzenesulfamide ligands, J. Mol. Struct., 2020, 1203, 127450.

[2]. E.P. Ivakhnenko, P.A. Knyazev, K.A. Lyssenko, A.G. Starikov, V.I. Minkin, Synthesis and redox activity of the ruthenium
complexes based on 9-hydroxy-2,4,6,8-tetra-(tert.-butyl)phenoxazin-1-one ligands, Inorg. Chim. Acta, 2019, 484, 430-436.

[3]. C. Liu, X. Zhu, P. Zhang, H. Yang, C. Zhu, H. Fu, Axially Chiral Cyclic Diphosphine Ligand-Enabled Palladium-Catalyzed
Intramolecular Asymmetric Hydroarylation, iScience, 2018, 10, 11-22.

[4]. D.A. Shultz, Valence Tautomerism in Dioxolene Complexes of Cobalt, , In, Magnetism: Molecules to Materials I1, , John Wiley &
Sons, Ltd, 2003, pp, 281-306.

[5]. A.G. Starikov, A.A. Starikova, R.M. Minyaev, V.l. Minkin, A.l. Boldyrev, 0-Quinone phenaleny! derivatives as expedient ligands
for the design of magnetically active metal complexes: A computational study, Chem. Phys. Lett., 2020, 740, 137073.

[6]. V. I. Minkin, A. A. Starikova, Molecular design of the valence tautomeric mixed-ligand adducts of Co" diketonates with redox-
active ligands, Mendeleev Commun., 2015, 25, 83-92.

[7]. Y.-J. Sun, W.-Z. Shen, P. Cheng, S.-P. Yan, D.-Z. Liao, Z.-H. Jiang, P.-W. Shen, The first example of half-sandwich cobalt(lIl)
complex with hydrotris(pyrazolyl)borate ligand, Inorg. Chem. Commun., 2002, 5, 512-515.

[8]. P. Drabina, P. Funk, A. Ruzi¢ka, J. Moncol, M. Sedlak, The structures of cobalt(Il) and copper(Il) complexes derived from 6-(4,5-
dihydro-1H-imidazol-5-on-2-yl)pyridine-2-carboxylic acid, Polyhedron, 2012, 34, 31-40.

[9]. M. Wozniczka, M. Swiqtek, M. Pajak, J. Gadek-Sobczynska, M. Chmiela, W. Gonciarz, P. Lisiecki, B. Pasternak, A. Kufelnicki,
Complexes in aqueous cobalt(ll)-2-picolinehydroxamic acid system: Formation equilibria, DNA-binding ability, antimicrobial and
cytotoxic properties, J. Inorg. Biochem., 2018, 187, 62-72.

DOI: 10.9790/5736-1306010817 www.iosrjournals.org 15 |Page



Synthesis, spectroscopic studies and X-ray structure determination of a trinuclear cobalt..

[10].
[11].
[12].

[13].

[14].
[15].

[16].

[17).
[18].

[19].

[20].

[21].

[22].

[23].
[24].

[25].

[26].

[271.

[28].

[29].

[30].
[31].

[32].

[33].
[34].
[35].
[36].
[37].
[38].

[39].

[40].

H.C. Jouybari, R. Alizadeh, H. Banisaeed, V. Amani, Synthesis, luminescence studies and structural characterization of new Co(ll)
and Cu(ll) complexes based on phenanthridine as a ligand, Inorg. Chim. Acta, 2020, 506, 119553.

M. Kozsup, O. Démétér, S. Nagy, E. Farkas, E. A. Enyedy, P. Buglyd, Synthesis, characterization and albumin binding capabilities
of quinizarin containing ternary cobalt(l1l) complexes, J. Inorg. Biochem., 2020, 204, 110963.

K. Ghosh, S. Chattopadhyay, Synthetic stratagem and structures of two heteroleptic cobalt(l1l) complexes acting as biomimetic
catalysts: Role of co-ligands in catalytic activities, Polyhedron, 2019, 170, 495-507.

A.V. Gurbanov, A.M. Maharramov, M.F.C. Guedes da Silva, A.J.L. Pombeiro, Trinuclear and polymeric cobalt(ll or 1I/Ill)
complexes with an arylhydrazone of acetoacetanilide and their application in cyanosilylation of aldehydes, Inorg. Chim. Acta, 2017,
466, 632-637.

A. Banerjee, S. Chattopadhyay, A benzoate bridged dinuclear mixed valence cobalt(111/11) complex with Co"0,Co" core: Synthesis,
structure and investigation of its phenoxazinone synthase mimicking activity, Polyhedron, 2020, 177, 114290.

\A.G. Zavozin, N.I. Simirskaya, Y.V. Nelyubina, S.G. Zlotin, Novel di- and tetra(pyrazolyl)bipyridine ligands and their Co (I1)-
complexes for electrochemical applications, Tetrahedron, 2016, 72, 7552—7556.

N.A. Protasenko, A.l. Poddel’sky, A.S. Bogomyakov, A.G. Starikov, L.V. Smolyaninov, N.T. Berberova, G.K. Fukin, V.K.
Cherkasov, The chemical and electrochemical reduction of heteroligand o-semiquinonato-formazanato cobalt complexes, Inorg.
Chim. Acta, 2019, 489, 1-7.

H. Wen, G. Liu, Z. Huang, Recent advances in tridentate iron and cobalt complexes for alkene and alkyne hydrofunctionalizations,
Coord. Chem. Rev., 2019, 386, 138-153.

J. Lin, X. Meng, M. Zheng, B. Ma, Y. Ding, Insight into a hexanuclear cobalt complex: Strategy to construct efficient catalysts for
visible light-driven water oxidation, Appl. Catal., B, 2019, 241, 351-358.

R. Herchel, Z. Dvorak, Z. Travnicek, M. Mikuriya, F.R. Louka, F.A. Mautner, S.S. Massoud, Cobalt(ll) and copper(ll) covalently
and non-covalently dichlorido-bridged complexes of an unsymmetrical tripodal pyrazolyl-pyridyl amine ligand: Structures,
magnetism and cytotoxicity, Inorg. Chim. Acta, 2016, 451, 102-110.

A. Solanki, M.H. Sadhu, S. Patel, R. Devkar, S. B. Kumar, Ternary complexes of copper(ll) and cobalt(ll) carboxylate with
pyrazole based ligand: Syntheses, characterization, structures and bioactivities, Polyhedron, 2015, 102, 267-275.

. L-C. Gui, S.-D. Hu, X.-L. Ma, Q.-L. Ni, G.-M. Liang, X.-J. Wang, Synthesis, structure and magnetic properties of two
nanospheric octadeca-nuclear cobalt (I1) and manganese (1) clusters based on N-substituted aspartic acid, Polyhedron, 2020, 175,
114176.

R. Gheorghe, G.A. lonita, C. Maxim, A. Caneschi, L. Sorace, M. Andruh, Aggregation of heptanuclear [M";] (M = Co, Ni, Zn)
clusters by a Schiff-base ligand derived from o-vanillin: Synthesis, crystal structures and magnetic properties, Polyhedron, 2019,
171, 269-278.

X.-F. Li, Y.-Q. Yang, Y.-X. Li, H.-X. Yang, W.-F. Zhao, X.-R. Meng, Synthesis, crystal structure, and BSA binding studies of new
Co(ll) and Ni(Il) complexes of 2-(hydroxymethyl)-1H-imidazole-4,5-dicarboxylate, Inorg. Chim. Acta, 2020, 505, 119469.

S. Ostrovsky, Z. Tomkowicz, S. Foro, J. Reedijk, W. Haase, Magneto-Optical Study of the Zero-Field Splitting in a Mononuclear
Tetrahedrally Coordinated Co(ll) Compound with a Mixed Ligand Surrounding, Polyhedron, 2020, 187, 114630.

B. Soltani, M. Ghorbanpour, C.J. Ziegler, M. Ebadi-Nahari, R. Mohammad-Rezaei, Nickel (I1) and cobalt (II) complexes with
bidentate nitrogen-sulfur donor pyrazole derivative ligands: Syntheses, characterization, X-ray structure, electrochemical studies,
and antibacterial activity, Polyhedron, 2020, 180, 114423.

[26]. E. Gao, X. Gao, F. Guan, M. Zhu, L. Liu, M. Zhang, Y. Zhang, Y. Wang, Z. Wen, Y. Zhang, Y. Zhang, Q. Liang, Synthesis
and crystal structure of two new dinuclear cobalt(ll) complexes interaction with HelLa cells, Eur. J. Med. Chem., 2011, 46, 160—
167.

A. Das, C. Marschner, J. Cano, J. Baumgartner, J. Ribas, M.S. El Fallah, S. Mitra, Synthesis, crystal structures and magnetic
behaviors of two dicyanamide bridged di- and polynuclear complexes of cobalt(ll) derived from 2,4,6-tris(2-pyridyl)1,3,5-triazine
and imidazole, Polyhedron, 2009, 28, 2436-2442.

L.-L. Liu, J.-J. Huang, X.-L. Wang, G.-C. Liu, S. Yang, H.-Y. Lin, Ligand-controlled assembly of cobalt(ll) metal-organic
complexes from different semirigid bis(imidazole) derivatives and aromatic monocarboxylates: Electrochemical behaviors and
fluorescent properties, Inorg. Chim. Acta, 2013, 394, 715-722.

J.-L. Dong, K.-H. He, D.-Z. Wang, Y .-H. Zhang, D.-H. Wang, Solvothermal syntheses, structures, and magnetic properties of three
cobalt coordination polymers constructed from naphthalene-1,4-dicarboxylic acid and bis(imidazole) linkers, J. Solid State Chem.,
2018, 263, 164-171.

. X.-M. Qiu, S.-N. Wang, J. Lu, L.-Q. Kong, D.-C. Li, J.-M. Dou, A new linear trinuclear cobalt complex bearing oximato and
azido ligands: synthesis, structure, and magnetic characterization, J. Coord. Chem.2012, 65, 3308-3315.

S.-H. Zhang, Y.-M. Jiang, Z. M. Liu, Tetranuclear cobalt(ll) complex and trinuclear copper(ll) complex with the ligand 2-hydroxy-
3-[(2-sulfoethylimino)-methyl]-benzoic acid: synthesis, structure and properties, J. Coord. Chem., 2008, 61, 1927-1934.

R. Risoluti, G. Gullifa, M.A. Fabiano, S. Materazzi, Biomimetic complexes of Co(ll), Mn(ll), and Ni(ll) with 2-propyl-4,5-
imidazoledicarboxylic acid. EGA-MS characterization of the thermally induced decomposition, Russ. J. Gen. Chem., 2015, 85,
2374-2377.

S. E. Nefedov, Binuclear transition-metal trimethylacetato complexes containing coordinated 3,5-dimethylpyrazole as structural
analogues of the active site of natural metalloenzymes, Russ. J. Inorg. Chem., 2006, 51, S49-S96.

[34]. P. Haba, A. Sy, F.B. Tamboura, M. Sarr, I.E. Thiam, A.H. Barry, M.L. Sall, M. Gaye, P. Retailleau, Synthesis, spectroscopic
studies and X-ray structure determination of two mononuclear copper complexes derived from the Schiff base ligand N,N-dimethyl-
N’-((5-methyl-1H-imidazol-4-yl)methylene)ethane-1,2-diamine, Eur. J. Chem., 2019, 10, 201-208.

G.M. Sheldrick, it SHELXT — Integrated space-group and crystal-structure determination, Acta Crystallogr., Sect. A: Found
Adv.,2015, 71, 3-8.

G.M. Sheldrick, Crystal structure refinement with it SHELXL, Acta Crystallogr. Sect. C: Struct. Chem., 2015, 71, 3-8.

L.J. Farrugia, it ORTEP-3 for Windows - a version of 1t ORTEP-11I with a Graphical User Interface (GUI), J. Appl. Crystallogr.,
1997, 30, 565.

A.K. Singh, O.P. Pandey, S.K. Sengupta, Synthesis, spectral and antimicrobial activity of Zn(Il) complexes with Schiff bases
derived from 2-hydrazino-5-[substituted phenyl]-1,3,4-thiadiazole and benzaldehyde/2-hydroxyacetophenone/indoline-2,3-dione,
Spectrochim. Acta, Part A, 2013, 113, 393-399.

L.A. Saghatforoush, S. Hosseinpour, M.W. Bezpalko, W.S. Kassel, X-ray crystal structural and spectral studies of copper(ll) and
nickel(l) complexes of functionalized bis(thiosemicarbazone) ligands and investigation of their electrochemical behavior, Inorg.
Chim. Acta, 2019, 484, 527-534.

J.V. Handy, G. Ayala, R.D. Pike, Structural comparison of copper(ll) thiocyanate pyridine complexes, Inorg. Chim. Acta, 2017,
456, 64-75.

DOI: 10.9790/5736-1306010817 www.iosrjournals.org 16 |Page



Synthesis, spectroscopic studies and X-ray structure determination of a trinuclear cobalt..

[41]. A.L. El-Ansary, H.M. Abdel-Fattah, N.S. Abdel-Kader, Synthesis and characterization of tetradentate bis -Schiff base complexes of
di- and tri-valent transition metals, J. Coord. Chem., 2008, 61, 2950—2960.

[42]. [42]. . Georgieva, N. Trendafilova, G. Bauer, Spectroscopic and theoretical study of Cu(ll), Zn(ll), Ni(ll), Co(ll) and Cd(ll)
complexes of glyoxilic acid oxime, Spectrochim. Acta, Part A, 2006, 63, 403-415.

[43]. H. Temel, S. ilhan, M. Sekerci, R. Ziyadanogullari, The synthesis and spectral characterization of new Cu(II), Ni(II), Co(III), and
Zn(I1) complexes with Schiff base, Spectrosc. Lett., 2002, 35, 219-228.

[44].  U. Cakir, H. Temel, S. Than, H. 1. Ugras, Spectroscopic and Conductance Studies of New Transition Metal Complexes with a Schiff
Base Derived from 4- Methoxybenzaldehyde and 1,2- bis(p- Aminophenoxy)ethane, Spectrosc. Lett., 2003, 36, 429-440.

[45]. W.J. Geary, The use of conductivity measurements in organic solvents for the characterisation of coordination compounds, Coord.
Chem. Rev., 1971, 7, 81-122.

[46]. J. Welby, L.N. Rusere, J.M. Tanski, L.A. Tyler, Syntheses and crystal structures of mono-, di- and trinuclear cobalt complexes of a
salen type ligand, Inorg. Chim. Acta, 2009, 362, 1405-1411.

[47]. A. Hazari, A. Das, P. Mahapatra, A. Ghosh, Mixed valence trinuclear cobalt (lI/Ill) complexes: Synthesis, structural
characterization and phenoxazinone synthase activity, Polyhedron, 2017, 134, 99-106.

[48]. T.-F. Liu, Z.-X. Wang, Syntheses, crystal structures and magnetic properties of mixed-valence linear trinuclear cobalt and 2D nickel

complexes, Inorg. Chem. Commun., 2013, 30, 84-87.

Mohamed Gaye,et. al. "Synthesis, spectroscopic studies and X-ray structure determination of a
trinuclear cobalt complex derived from the Schiff base ligand N,N-dimethyl-N'-((5-methyl-1H-
imidazol-4-yl)methylene)ethane-1,2-diamine.” 10SR Journal of Applied Chemistry (IOSR-
JAC), 13(6), (2020): pp 08-17.

DOI: 10.9790/5736-1306010817 www.iosrjournals.org 17 |Page



