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Abstract
Schiff base ligand N'*,N"4-bis(2-hydroxybenzylidene)succinohydrazide (H4L) was synthesized via condensation of
salicylaldehyde and succinohydrazide in ethanol. The complexes were obtained from 1:2:1

(H4L/LiOH/MCIy'nH20) molar ratio reactions, yielding compound formulated as [M2(H:L)2]-nH20, where
M=Mn(ll, Fe(ll), Co(Il), Ni(ll) and Cu(ll). Elemental analysis, *H and *C NMR, FT-IR and UV-Visible
spectroscopies were used for the characterization of the ligand. The complexes were structurally studied using
FT-IR, UV-Visible spectroscopies, conductance, and magnetic susceptibility measurements. All complexes are
non-electrolytes in DMF solutions. In each complex unit two ligand molecules acting in hexadentate fashion
bridges two metal ions are present. Thus, each metal ion of the binuclear unit is coordinated to two azomethine
nitrogen atoms, two phenolate oxygen atoms and two carbonyl oxygen atoms, resulting in a hexacoordinated
metal ion. The environment around each metal ion is described as octahedral geometry owing to the results of
the magnetic susceptibility measurement and the UV-visible spectra analyses.
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I.  Introduction

Dihydrazone compounds are an important class of compounds in the field of coordination chemistry
because of the presence of multiple coordination sites and the compounds they can generate after complexation
[1-5]. The presence of nitrogen and oxygen atoms in dihydrazones and the ability of these molecules to act in
neutral or deprotonated form allow the synthesis of interesting coordination complexes with very varied structures
[6-8]. Indeed, the complexes formed by these types of Schiff bases can not only present fascinating structures but
also interesting properties. Some of these Schiff bases exhibit important biological activities that can be enhanced
after complexation with transition metals [9-14]. Schiff bases obtained from succinohydrazide have the
particularity of being stable due to the strong delocalization and of having two flexible arms that allow to capture
metal ions easily . The complexes generated by these Schiff bases derived from succinohydrazide have found
various applications in the fields of magnetism [15, 16], luminescence [17], optics [18], catalysis [19, 20] and
Interactions with biomacromolecules [21]. The use of succinohydrazide as a precursor in the synthesis of Schiff
bases having two symmetrical arms has allowed us, recently, to prepare dinuclear complexes of transition metals
in which the ligand acts in its iminol form [22] as observed in tin complexes [23]. Continuing our work we used
the Schiff base N',N'“-bis(2-hydroxybenzylidene)succinohydrazide (HsL) to prepare new transition metal
complexes which we characterized using FT-IR, UV-Visible spectroscopies, conductance, and magnetic
susceptibility measurements.

Il.  Material And Methods
Starting materials and Instrumentations
Salicylaldehyde, succinohydrazide, manganese chloride tetrahydrate, cobalt chloride hexahydrate,
nickel chloride hexahydrate, copper chloride dihydrate, and zinc chloride were commercial products (from
Aldrich) and were used without further purifications. The solvents were reagent grade and were purified by usual
methods. Elemental analyses were carried out using a VxRio EL Instrument. The FTIR spectra were recorded on
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a FTIR Spectrum Two of Perkin Elmer (4000—400 cm). The UV-Vis spectra were run on a Perkin-Elmer
UV/Visible spectrophotometer Lambda 365 (1000-200 nm). The *H and 3C NMR spectra of the Schiff base were
recorded in DMSO-ds on a BRUKER 500 MHz spectrometer at room temperature using TMS as an internal
reference. The molar conductance of 10-* M solutions of the metal complexes in DMF were measured at 25 °C
using a WTW LF-330 conductivity meter with a WTW conductivity cell. Magnetic measurements for complexes
were performed at room temperature by using a Johnson Mattey scientific magnetic susceptibility balance
(Calibrant: Hg[Co(SCN)4]).

Synthesis of the ligand HzL

In a 250 mL round-bottomed flask containing 30 mL of methanol, 2 g (13.7 mmol) of succinohydrazide
were added and the mixture was stirred for 30 min before adding 3.34 g (27.37 mmol) of salicylaldehyde. The
mixture was refluxed for three hours. After cooling, the white solid was recovered by filtration and washed with
ether (2 x 20 mL), then dried in the open air. The compound is soluble DMSO. M.P. 247°C. Yield : 82%. IR (v,
cm™) : 3453 (OH), 3180 (NH) ; 3054 (Csp2-H), 2981 (Csp3-H), 1667 (C=0), 1618 (C=N), 1566 cm™ (Ca=Ca),
1403 cm™ (8c,) 1275 cm™ (C-O) ; 1072 cm™ (N-N). RMN*H (DMSO-ds, 3(ppm)): 2.58 (s, 4H, -CH2), 6.87-7.50
(m, 8H, -Har), 8.33 (s, 2H, HC=N), 10.15 (s, 2H, -NH); 11.18 (s, 2H, -OH). RMN*C (DMSO-ds, 5(ppm)) : 173.05
(C=0), 157.23 (Car-OH); 146.30 (-CH=N), 132.46 (Car), 131.13 (Car), 119.23 (Car), 118.56 (Car), 116.06 (Car),
34.3 (-CHy-).

Synthesis of the complexes of HsL

0.1172 g (0.5 mmol) of the ligand were introduced into a flask containing 20 mL of ethanol and 0.4195
g (1 mmol) of LiOH-H20. A 10 mL ethanol solution containing 0.5 mmol of transition metal chloride salt (M =
Mn, Fe, Co, Ni, Cu) was added to the mixture. The mixture was refluxed for three hours and a change in color
was observed. After cooling, the solid which appears was recovered by filtration and then washed with cold
ethanol and diethyl ether before dried in desiccator under P,Os. (Table 1).

Table 1. Analytical data, room temperature magnetic moments and conductance of complexes 1-5.

Yield MP % C % H % N _A » »
Compounds %) Color C) Calc. Calc. Calc. (Q*cmzmol (1)
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Table 2. Main FTIR and UV-visible bands for H,L and complexes 1-5.

Compounds Vfg' viN-H) | vc=0) | vie=N) Véc)' Vvo(N-N) A(nm)
Hal 3453 | 3180 1667 1618 L5 | 1072 215, 265, 302
(1) 3427 | 3192 1716 1602 1245 | 1052 213, 260, 297, 349, 411, 652
@) 3429 | 3180 1727 1601 1285 | 1065 | 208, 259, 301, 345, 400, 780, 985
3) 3429 | 3199 1745 1597 1290 | 1073 | 207,267,299, 350, 417. 480, 915
@) 3445 | 3200 172 1620 1295 | 1043 | 213, 260, 300, 344, 428, 552, 821
5) 3428 | 3205 1725 1644 1195 | 1039 218, 272, 303, 341, 425, 468
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Scheme 1. Synthetic scheme for the ligand and it’s metal transition complexes preparation.

I1l.  Results And Discussion

General study

The elemental analysis of the ligand and the complexes which are presented in Table 1 are in accordance
with the proposed formula. The infrared spectrum of the ligand shows abroad band at 3453 cm™* which is attributed
to the elongation vibration of the OH groups. A medium intensity band at 3180 cm™ is attributed to the elongation
vibration of the NH bond of the amide group. The characteristic band of the C=0 function is noted at 16657 cm"
1. The band appearing at 1618 cm™* corresponds to the elongation vibration of the C=N moiety. The bands in the
region 1566 cm™* - 1450 cm ™ are due to the C=C vibration of the benzene ring. The band due to the C-O is pointed
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at 1275 cm. The *H NMR spectrum shows a signal at 2.58 ppm which is attributed to -CH,- groups. Between
6.87 ppm and 7.80 ppm, the observed signals are assigned to the aromatic protons. The signals at 10.15 ppm and
11.7 ppm corresponds, respectively, to the HN- and the phenol protons OH. The signal of the azomethine protons
appear at 8.33 ppm. In $3C NMR the signal of the methylene groups appears at 34.3 ppm. The carbon atoms of
C=0 and C=N moieties are identified at 173.5 ppm and 146 ppm, respectively. The signal at 157.23 ppm is
attributed to aromatic carbon which support the hydroxy group. The signals which appears in the region 116 ppm
- 146 ppm are attributed to the aromatic carbon atoms. In the IR spectra of the complexes, phenolic oxygen is
coordinated to copper by loss of the —OH proton. The vo.4 band (3453 cm™ for HyL) of the free ligand disappear
on complex formation which supports coordination through deprotonated phenolate oxygen. The broad bands
centered in the range 3180-3205 cm are probably due to the stretching of vn-4 [24] bands which appear in the
range 3427-3345 cm are due to the presence of free water molecules in the complexes. The bands due to the
C=0 were shifted to high frequencies [1716-1727 cm™!] indicating the involvement of the oxygen atoms of the
carbonyl groups in the coordination. The shift of the vc=n in the spectrum of the complexes is indicative of the
coordination of the ligand through the azomethine atoms of the ligand. The UV-Vis absorption spectra of HsL
is recorded in DMF solutions (10° mol-L!) at room temperature (Table 2). Three absorption bands are
pointed at 215 nm, 265 nm and 302 nm in the UV-Vis spectrum of HiL. These absorption are due to the n—
n* transitions of the phenyl rings and the C=N bonds of intra-ligand [25], respectively.

Molar conductance

The molar conductivity of the complexes 1-5, which are in the range 22-42 S-cm?-mol* are indicative of
neutral complexes electrolyte in DMF solution [26]. Conductivity values are quite constant after 15 days. This
fact shows that the complexes are stable in DMF solutions.

Magnetism

The value of the magnetic moment at room temperature of the manganese complex of 11.87 B.M. is
consistent with the presence of two high-spin Mn(ll) ions in octahedral environment [27]. The iron(ll) complex
has a magnetic moment value of 10.55 B.M. which is indicative of the presence of two high-spin uncoupled high-
spin iron(Il) in the molecule complex [27, 28]. The cobalt complex present a magnetic moment value of 9.71
B.M. This value is in accordance with the presence of two uncoupled cobalt(ll) in octahedral environment [29].
The nickel complex is a dinuclear complex with a magnetic moment value of 5.78 B.M. which indicates that the
two nickel(Il) ions are in octahedral environment [27]. The copper complex present a magnetic moment value of
3.80 B.M. which is indicative of the presence of two copper(I1) ions in octahedral environment, without magnetic
exchange [30].

Electronic spectra

The electronic spectra data of the complexes 1-5 are recoorded in DMF (10-° mol-L™!) solutions and listed
in Table 2. Three absorption bands pointed at 215 nm, 265 nm and 302 nm in UV-Visible spectrum are due to the
n—r* transitions of the phenyl rings and the C=N bonds of intra-ligand (ref). These absorption peaks are slightly
shifted upon coordination of the ligand to the metals ions and are pointed in the spectra of the complexes in the
range [207-218 nm], [250-272nm] and [297-303 nm]. The fact indicates clearly the coordination of the ligand to
the metals ions. For the complexes 1-5, the new bands, pointed in the range [341-350 nm] are assigned to the
n—n* transitions of the azomethine C=N moiety. Moreover, there is a weak absorption band at around 411 nm
for complex 1, 400 nm for complex 2, 417 nm for complex 3, 428 nm for complex 4 and at 425 nm for complex
5, which may be ascribed to MLCT transitions. For the manganese complex (1) the band pointed at 652 nm is
attributable to the 8A;; — “Ty4 transition which is characteristic of a Mn(ll) ion in a distorted octahedral
environment [31]. The electronic spectrum of the Fe(ll) complex shows two additional low intensity bands
pointed at 985 nm and 780 nm. These band are similar to those reported for octahedral iron(Il) complex with
Jahn-Teller effect [32, 33]. The spectrum of the Co(ll) complex shows two absorption bands, pointed at 915 nm
and 480 nm attributed to “T1g (F) — “Toq (F) and “T14 (F) — *T1q (P) transitions, respectively. These values are in
the range reported for octahedral Co(ll) complex [34]. The electronic spectrum of the Ni(ll) complex exhibits
two d—d bands pointed at 821 nm and 552 nm. These bands are assigned, respectively, to the 3Ax—?T,g and
3A2q—3T 1 transitions which are characteristic of a Ni(ll) in an octahedral environment [35]. An additional low
intensity bands pointed at 468 nm is exhibited in the spectrum of the Cu(ll) complex. This band is assigned to
2By — 2By transition, indicating that the Cu(ll) ion is situated in a distorted octahedral environment [36].

IV.  Conclusion
In the present work, we report the synthesis and characterization of five new complexes of
manganese(ll), iron(1l), cobalt(l1), nickel(Il) and copper(ll) prepared from the tetradentate ligand N'1,N'4-bis(2-
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hydroxybenzylidene)succinohydrazide (HsL). The ligand was characterized by elemental analysis, *H and 3N
NMR, FTIR and UV-visible spectroscopies. The complexes 1-5 were characterized by elemental analysis, FTIR
and UV-Visible spectroscopies, conductance measurement and room temperature magnetic moment
determination. All the complexes are dinuclear and neutral electrolyte in DMF solution. The FTIR spectral data
showed that the ligand is coordinated with the metal center through the imino nitrogen atoms, the phenolate
oxygen atoms and the carbonyl oxygen atoms. The electronic spectra show bands due to the ligand and the MLCT
for all complexes. The d—d bands for complexes 1-5 are in accordance with octahedral structure. Room
temperature magnetic susceptibility measurement indicated that the complexes 1-5 are diamagnetic and present
two non-coupled metal ions. Conductance measurement shows that the complexes 1-6 are non-electrolyte in

nature. The structures of the five complexes are similar and formulated as [(Mn2(HzL)2]-2H.0 (1),
[(F62(H2L)2]-2H20 (2), [(COz(HzL)z]-ZHzO (3), [(Niz(HzL)z]-4Hzo (4), [(CUz(HzL)z]-SHzO (5) In the complexes
each of the two symmetrical ligand acts as a bridge between two metal ions.

In Memoriam

Cheikh Halidou KANE 1963-2021. The death of Dr. KANE has deeply shocked us. Dr. KANE was a
very talented chemist who was deeply involved in research and supervision of doctoral students. His contribution
is greatly missed by our team. This article is dedicated to his memory.

References

[1]. Raghu, A.V., Gadaginamath, G.S., Priya, M., Seema, P., Jeong, H.M. And Aminabhavi, T.M. (2008). Synthesis And Characterization
Of Novel Polyurethanes Based On N*,N*-Bis[(4-Hydroxyphenyl)Methylene]Succinohydrazide Hard Segment. Journal Of Applied
Polymer Science, 110(4),2315-2320.

[2]. Rodriguez-Hermida, S., Lago, A. B., Carballo, R., Fabelo, O., And Véazquez-Lépez, E. M. (2015). Homo- And Heteronuclear
Compounds With A Symmetrical Bis-Hydrazone Ligand: Synthesis, Structural Studies, And Luminescent Properties. Chemistry — A
European Journal, 21(17), 6605-6616.

[3]. El Saied, F.A., Shakdofa, M.M.E., El Tabl, A.S. And Abd Elzaher, M.M. (2014). Coordination Behaviour Of N',N"-Bis((L,5-
Dimethyl-3-Oxo-2-Phenyl-2,3-Dihydro-1h-Pyrazol-4-YI)Methylene) Succinohydrazide Toward Transition Metal lons And Their
Antimicrobial Activities. Main Group Chemistry, 13(2), 87-103.

[4]. Dhasarathan, S., Shunmugaperumal, S. And Ponnurangam, K.S. (2022). Spectral And Electrochemical Sensing Studies Of Novel
Tetradentate Schiff Bases, Having Enhanced Antifungal Activity, Containing Ferrocene And Aromatic Moieties Attached Imines.
Iranian Journal Of Chemistry And Chemical Engineering, 41(9), 2946-2960.

[5]. Maryoosh, A.A. And Al-Jeilawi, O.H.R. (2024). Synthesis, Characterization Of Different Five-Membered Heterocyclic Derivatives,
Evaluated Their As Antioxidant, And In Vitro Antimicrobial Agents. Russian Journal Of Bioorganic Chemistry, 50(4), 1551-1562.

[6]. Missina, J. M., Bottini, R.C.R., Baptistella, G.B., Santana, F.S., Stinghen, D., Lemos De Sa, E. And Nunes, G.G. (2022). Synthesis,
Characterization, Dft Calculations And Bromoperoxidase Activity Of Binuclear Oxidovanadium Complexes Containing Vitamin B6.
Journal Of Coordination Chemistry, 75(19-24), 2901-2922.

[7]. Shakdofa, M.M.E., EI-Tabl, A.S., Al-Hakimi, A.S., Wahba, M.A. And Morsy, N. (2017). Synthesis, Structural Characterization And
Microbicide Activities Of Mononuclear Transition Metal Complexes Of 2-(2-Hydroxy-5-(P-Tolyldiazenyl) Benzylidene)
Hydrazinecarbothioamide. Ponte International Journal Of Science And Research, 73(6), 52-74.

[8]. El-Tabl, A.S., Abd-El Wahed, M.M., Wahba, M.A., Shakdofa, M.M.E. And Gafer, A. (2016). Bimetallic Transition Metal Complexes
Of 2,3-Dihydroxy-N’1,N’*-Bis((2-Hydroxynaphthalen-1-YI)Methylene) Succinohydrazide Ligand As A New Class Of Bioactive
Compounds; Synthesis, Characterization And Cytotoxic Evaluation. Indian Journal Of Advances In Chemical Science, 4(1), 114—
129.

[9]. El-Saied, F.A., Shakdofa, M.M.E., Tabl, A.S.E., Abd-Elzaher, M.M. And Morsy, N. (2017). Coordination Versatility Of N,04
Polydentate Hydrazonic Ligand In Zn(li), Cu(li), Ni(li), Co(li), Mn(li) And Pd(li) Complexes And Antimicrobial Evaluation. Beni-
Suef University Journal Of Basic And Applied Sciences, 6(4), 310-320.

[10].  Topi¢, E., Damjanovi¢, V., Piculjan, K., Vrdoljak, V. And Rub¢i¢, M. (2022). Succinyl And Adipoyl Dihydrazones: A Solid-State,
Solution And Antibacterial Study. Crystals, 12(8).

[11].  Sovari, S.N. And Zobi, F. (2020). Recent Studies On The Antimicrobial Activity Of Transition Metal Complexes Of Groups 6-12.
Chemistry, 2(2), 418-452.

[12]. Singh, V.K,, Singh, V.K., Mishra, A., Varsha, Singh, A.A., Prasad, G. And Singh, A.K. (2023). Recent Advancements In
Coordination Compounds And Their Potential Clinical Application In The Management Of Diseases: An Up-To-Date Review.
Polyhedron, 241, 116485.

[13]. Saroya, S., Asija, S., Kumar, N., Deswal, Y. And Devi, J. (2022). Organotin (Iv) Complexes Derived From Tridentate Schiff Base
Ligands: Synthesis, Spectroscopic Analysis, Antimicrobial And Antioxidant Activity. Journal Of The Indian Chemical Society, 99(3),
100379.

[14].  Sandhu, Q.-U.-A., Pervaiz, M., Majid, A., Younas, U., Saeed, Z., Ashraf, A., Khan, R.R.M., Ullah, S., Ali, F. And Jelani, S. (2023).
Review: Schiff Base Metal Complexes As Anti-Inflammatory Agents. Journal Of Coordination Chemistry, 76(9-10), 1094-1118.

[15]. Adhikary, A. And Samanta, D. (2019). A Series Of Cu(li) Based Di-Hydrazide Complexes Obtained Through Solvent Exchange:
Their Efficient Dye Degradation And Magnetic Study. Polyhedron, 171, 249-259.

[16]. Golla, U., Adhikary, A., Mondal, A.K., Tomar, R.S. And Konar, S. (2016). Synthesis, Structure, Magnetic And Biological Activity
Studies Of Bis-Hydrazone Derived Cu(li) And Co(li) Coordination Compounds. Dalton Trans., 45(29), 11849-11863.

[17]. Han, A., Su, H., Xu, G., Khan, M.A. And Li, H. (2020). Synthesis, Crystal Structures, And Luminescent Properties Of Zn(li), Cd(li),
Eu(lii) Complexes And Detection Of Fe(lii) lons Based On A Diacylhydrazone Schiff Base. Rsc Adv., 10(39), 23372-23378.

[18].  Wilson, B.H. And Kruger, P.E. (2020). Supramolecular Interactions In A Family Of Dinuclear Helicates In The Solid-State.
Supramolecular Chemistry, 32(8), 456-465.

[19]. Golla, U., Adhikary, A., Mondal, A.K., Tomar, R.S. And Konar, S. (2016). Synthesis, Structure, Magnetic And Biological Activity
Studies Of Bis-Hydrazone Derived Cu(li) And Co(li) Coordination Compounds. Dalton Trans., 45(29), 11849-11863.

DOI: 10.9790/5736-1711014853 www.iosrjournals.org 52 | Page



Synthesis, And Characterization Of Five New Metal Transition Complexes Derived........

[20].

[21].

[22].

[23].

[24].

[25].

[26].
[27].

[28].

[29].

[30].

[31].

[32].

[33].

[34].

[35].

[36].

Adam, M.S.S., Elsawy, H., Sedky, A., Makhlouf, M.M. And Taha, A. (2023). Catalytic Potential Of Sustainable Dinuclear (Cu?*
And Zro?*) Metal Organic Incorporated Frameworks With Comprehensive Biological Studies. Journal Of The Taiwan Institute Of
Chemical Engineers, 144, 104747.

Martins, F.M., Siqueira, J.D., Iglesias, B.A., Chaves, O.A. And Back, D.F. (2022). Pyridoxal Water-Soluble Cobalt(li) Helicates:
Synthesis, Structural Analysis, And Interactions With Biomacromolecules. Journal Of Inorganic Biochemistry, 233, 111854.

Seck, G.A., Gueye, M.N., Tamboura, F.B., Thiam, I.E., Diouf, O., Sall, A.S. And Gaye, M. (2024). Synthesis And Characterization
Of Binuclear Complexes Of Metals Transition Of N’1,N*4-Bis(1-(Pyridin-2-Y1)Ethylidene)Succinohydrazide. International Research
Journal Of Pure And Applied Chemistry, 25(5), 111-122.

Shujah, S., Khalid, N. And Ali, S. (2017). Homobimetallic Organotin(lv) Complexes With Succinohydrazide Schiff Base: Synthesis,
Spectroscopic Characterization, And Biological Screening. Russian Journal Of General Chemistry, 87(3), 515-522.

Singh, A.K., Pandey, O.P. And Sengupta, S.K. (2013). Synthesis, Spectral And Antimicrobial Activity Of Zn(li) Complexes With
Schiff ~ Bases Derived From 2-Hydrazino-5-[Substituted Phenyl]-1,3,4-Thiadiazole And Benzaldehyde/2-
Hydroxyacetophenone/Indoline-2,3-Dione. Spectrochimica Acta Part A: Molecular And Biomolecular Spectroscopy, 113, 393-399.
Li, Y.-J,, Guo, S.-Z., Feng, T., Xie, K.-F. And Dong, W.-K. (2021). An Investigation Into Three-Dimensional Octahedral Multi-
Nuclear Ni(li)-Based Complexes Supported By A More Flexible Salamo-Type Ligand. Journal Of Molecular Structure, 1228,
129796.

Geary, W.J. (1971). The Use Of Conductivity Measurements In Organic Solvents For The Characterization Of Coordination
Compounds. Coordination Chemistry Reviews, 7(1), 81-122.

Ferenc, W., Bocian, B. And Sarzynski, J. (2006). Thermal, Spectral And Magnetic Behavior Of 2,3,4-Trimethoxybenzoates Of
Mn(li), Co(li), Ni(li) And Cu(li). Journal Of Thermal Analysis And Calorimetry, 84(2), 377-383.

Conradie, J., Conradie, M.M., Tawfig, K.M., Al-Jeboori, M.J., Coles, S.J., Wilson, C. And Potgieter, J.H. (2018). Novel
Dichloro(Bis2-[1-(4-Methylphenyl)-1h-1,2,3-Triazol-4-Y1-Kn®]Pyridine-Kn)Metal(li) ~Coordination ~Compounds Of Seven
Transition Metals (Mn, Fe, Co, Ni, Cu, Zn And Cd). Polyhedron, 151, 243-254.

Muruganandam, L., Krishnakumar, K. And Balasubramanian, K. (2012). Synthesis, Characterization And Antimicrobial Studies Of
A Few Mn, Fe'l, Zn'i, Cd" And Hg" Complexes Derived From N- [Morpholino(Phenyl)Methyl]Acetamide As New Mannich Base
Ligand. Chemical Science Review And Letters, 1(2), 78-73.

Singh, K., Kumar, Y., Puri, P., Kumar, M. And Sharma, C. (2012). Cobalt, Nickel, Copper And Zinc Complexes With 1,3-Diphenyl-
1h-Pyrazole-4-Carboxaldehyde Schiff Bases: Antimicrobial, Spectroscopic, Thermal And Fluorescence Studies. European Journal
Of Medicinal Chemistry, 52, 313-321.

Neelgund, G.M., Bliznyuk, V.N., Pud, A.A., Fatyeyeva, K.Y., Hrehorova, E. And Joyce, M. (2010). Formation Of Nanostructured
Composites With Environmentally-Dependent Electrical Properties Based On Poly(Vinylidene Fluoride)—Polyaniline Core—Shell
Latex System. Polymer, 51(9), 2000-2006.

Zhang, X., Lawson Daku, M.L., Zhang, J., Suarez-Alcantara, K., Jennings, G., Kurtz, C.A. And Canton, S.E. (2015). Dynamic Jahn—
Teller Effect In The Metastable High-Spin State Of Solvated [Fe(Terpy),]*". The Journal Of Physical Chemistry C, 119(6), 3312—
3321.

Verma, P., Varga, Z., Klein, J.E.M.N., Cramer, C.J., Que, L. And Truhlar, D.G. (2017). Assessment Of Electronic Structure Methods
For The Determination Of The Ground Spin States Of Fe(li), Fe(lii) And Fe(lv) Complexes. Phys. Chem. Chem. Phys., 19(20),
13049-13069.

Singh, K., Thakur, R. And Kumar, V. (2016). Co(li), Ni(li), Cu(li), And Zn(li) Complexes Derived From 4-[3-(4-Bromophenyl)-1-
Phenyl-1h-Pyrazol-4-YImethylene-Amino]-3-Mercapto-6-Methyl-5-Oxo0-1,2,4-Triazine. Beni-Suef University Journal Of Basic And
Applied Sciences, 5(1), 21-30.

Chandra, S. And Gupta, L.K. (2004). Epr And Electronic Spectral Studies On Co(li), Ni(li) And Cu(li) Complexes With A New
Tetradentate [N4] Macrocyclic Ligand And Their Biological Activity. Spectrochimica Acta Part A: Molecular And Biomolecular
Spectroscopy, 60(7), 1563-1571.

Dhanaraj, C.J. And Johnson, J. (2015). Spectral, Thermal, Electrochemical, Biological And Dft Studies On Nanocrystalline Co(li),
Ni(li), Cu(li) And Zn(li) Complexes With A Tridentate Ono Donor Schiff Base Ligand. Journal Of Coordination Chemistry, 68(14),
2449-2469.

DOI: 10.9790/5736-1711014853 www.iosrjournals.org 53 | Page



