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Chapter I 

General Introduction 

             In bioinorganic chemistry, one of the most fascinating areas is the interaction of 

metal ions with biological molecules.[1-3] Most of the periodic table metals are capable 

of the development of smart coordination compounds with functional promiscuities. 

Typically, a metal ion or central metal ion binds with suitable ligands (molecules or 

anions) to produce a new chemical entity with specific geometry.[4] The coordination 

compounds play a crucial role in natural processes and living systems.[5-7] Some bio-

metal ions are essential to maintain human homeostasis and also play key roles in 

different natural processes by acting as cofactors in the proteins’ function thereby 

resulting in the stabilization, regulation and completion courses of cellular functions.[8-

11] Chlorophyll, heme proteins, carbonic anhydrase, nitrogenase, vitamin B12 etc. are 

some of the important examples to understand their indispensable role in the living 

world.[12-18] Therefore, the design and development of bio-inspired coordination 

compounds gain a huge interest in the scientific community.[19-21] 

Further, metal complexes are considered an intriguing class of metallo-therapeutics for 

the treatment and diagnosis of simple to complex diseases. [22-24] Therefore, the design 

of metallo-therapeutics remains one of the challenging issues in inorganic medicinal 

chemistry. Literature survey suggests that the metal complexes show crucial molecular 

and biological properties.[25-28] Nevertheless, metal complexes exhibit a wide range of 

reactivities, structural flexibility and various applications like in the development of 

powerful magnets, optoelectronics, smart catalysts, emerging energy harvesting 

materials, potential therapeutics etc.[29-33] These properties of coordination compounds 

led to the recent development of functional materials of scientific and industrial 

significance. It is well documented that commercially available and synthetic ligands 

play a pivotal role in the synthesis of smart coordination compounds.[34-36] Among the 

different classes of ligands, Schiff base marks a distinctive impact on the scientific 

community.  

 

1.1. Schiff bases 

Schiff base was first prepared by the German Chemist, Hugo Schiff in 1864 and it was 

named so.[37] Schiff bases are polydentate chelators having azomethine (–C=N–) 

functional group with a wide range of important applications in many disciplines in 
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science including medicinal science, biological sciences, optical sciences, physical 

sciences, material sciences and so on.[38]  

1.2. Structure and physicochemical properties of Schiff base 

Schiff base contains an azomethine chromophore which exhibits an interesting 

structural feature towards metal ions.[39] Scheme 1.1 presents the structural backbone of 

a substituted Schiff base. 

 

         

 

                                   Scheme 1.1. Structural backbone of Schiff base  

                                 (R1, R2 and R3 are the substituents)  

Schiff bases are weak bases and are simply hydrolysed by dilute mineral acids, but not 

by aqueous alkali. They also form insoluble salts with strong acids through the 

coordination of the electrons on the nitrogen atom of the azomethine group.[40] 

Typically, π-conjugated aromatic aldehydes form highly stable Schiff bases, while 

aliphatic aldehyde mediated Schiff bases are found to be less stable. Aliphatic Schiff 

bases tend to polymerize and are difficult to isolate.[41] Generally, aldehydes effortlessly 

form Schiff base ligands than the ketones as the former exists in sterically less hindered 

geometry, in contrast, the later contributes more electron density causing less 

electrophilicity to the azomethine carbon.[42] 

      Hugo Schiff reported the preparation of Schiff base through the condensation of 

primary amines and active carbonyl groups under azeotropic distillation [43] followed by 

the removal of water, thus formed in using molecular sieves.[44] In the 1990s, 

dehydrating solvents like tetramethyl orthosilicate or trimethyl orthoformate were used 

to eliminate water.[45,46] In 2004, Chakraborti et al. reported the design of Schiff base 

compounds by the use of highly electrophilic carbonyl compounds and strongly 

nucleophilic amines. They also reported the Lewis acids or Bronsted-Lowry acid 

catalysed-condensation of the carbonyl groups and amines, followed by the elimination 

of water in the final step.[47] In the past decades, many innovations and new techniques 

have been reported to prepare the Schiff base including solvent-free irradiation.[48-51] 

Scheme 1.2 shows the general method for the synthesis of Schiff bases. 



3 | P a g e  
 

 

Scheme 1.2. Synthesis of Schiff base 

Mechanistically, two steps are involved for the synthesis of the Schiff base (Scheme 

I.3). In the first step, the azomethine nitrogen makes a nucleophilic attack to the 

carbonyl-C. In the second step, the secondary nitrogen of carbinolamine gets 

deprotonated, with the release of water and simultaneously the formation of an 

azomethine group, –C=N– bond is developed.[52-54] 

 

Scheme 1.3. Mechanistic route of Schiff base formation                

 Scientific studies reveal that the physicochemical properties of the Schiff base arise due 

to the presence of a lone pair of electrons in the sp2 hybridized orbital of the nitrogen 

atom of the azomethine group. Ease of preparation, synthetic flexibility and the special 

property of –C=N– group makes Schiff base an outstanding chelating agent.[55] The 

Schiff bases with functional groups like (–OH), (–SH), (–NO2), (–COOH), (–OCH3) are 

considered as useful chelating agents. Schiff bases are insoluble in water and some of 

them are readily hydrolysed back to amine and aldehyde under certain circumstances.[56] 

Schiff bases can act as bidentate, tridentate, tetradentate or polydentate ligands (Scheme 

4).[57-59] Nevertheless, Schiff base macrocycles are formed by the self-condensation 

reaction of suitable carbonyl and primary amine precursors that have fundamental 

applications in biochemistry and supramolecular chemistry.[60] 
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Scheme 1.4. Examples of bidentate, tridentate, tetradentate and macrocyclic chelants 

1.3. Application of Schiff base and their coordination compounds  

Schiff bases and heterocyclic Schiff base scaffolds mainly sulphur, nitrogen and oxygen 

atoms bear great importance in many areas like biological, medicinal, analytical and 

pharmaceutical fields.[61] Schiff base derived coordination compounds possess a wide 

range of activities in materials, biological and pharmaceutical sciences.  

  Schiff base is a unique class of molecules in coordination chemistry that has become a 

frequently used chelator in the formation of metal complexes. Owing to their unique 

physicochemical properties, Schiff bases are employed to develop efficient catalysts of 

scientific and industrial importance, smart magnetic materials, therapeutics, opto-

electronic gadgets, bio-mimetic and bio-inspired models, and so on. The newly 

designed Schiff bases and their coordination compounds hold a great deal of promise 

for the scientific community.  

A large number of scientists across the globe are engrossed in the development of 

suitable Schiff bases and their coordination compounds.[62-66] One of the pioneers in this 

field is Prof. Ashutosh Ghosh, University of Calcutta, West Bengal, India. Prof. Ghosh 

and co-workers introduced the synthetic approach for the design and development of d-, 

d-f- and f-block metal complexes of varied nueclearities based on tailor-made synthetic 

Schiff base ligands. For example, the research group has been successfully controlled 

the nuclearity of antiferromagnetic Cu (II)-Mn (II) coordination compounds employing 

an asymmetric Schiff base.[67] Prof. Ghosh also showed the synthetic ease of an 

isomeric d-f-metal complex based on Schiff base ligand with an interesting observation 
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of field-induced slow relaxation of magnetisation applicable to the Gd (III) ion.[68] They 

also cited the synthesis of hetero-metallic trinuclear complexes with Schiff base ligand, 

The compounds were evaluated as bio-inspired oxidative catalysts.[69] Prof. Debasis Das 

of Dept. of Chemistry, University of Calcutta, is another distinguished scientist who 

made a significant effort in the design and application of Schiff bases and their metal 

complexes. His group explored the synthesis and applications of d-block metal 

complexes based on Schiff base ligands. Like, they designed a suitable Schiff base 

which turned out to be an effective chemosensor for Hg2+ ion in a matrix of ions.[70] The 

research group further developed a series of bio-inspired catechol oxidase metallo-

enzyme analogues with zinc ions and Schiff base complexes and exhibited catalytic 

oxidation through ligand-centred radical pathways.[71] 

Prof. Chittaranjan Sinha and co-workers of the department of Chemistry, Jadavpur 

University, developed various synthetic Schiff bases for selective detection of metal 

ions.[72] They also made a significant effort to synthesise Schiff base mediated 

coordination polymers.[73]  

Prof. Shouvik Chattopadhyay of Jadavpur University is another promising scientist who 

engaged in the design and synthesis of different Schiff base and their reduced forms and 

explored the ligational motifs towards metal ions in the absence and presence of co-

ligands.[74] His group also developed the trinuclear hetero nickel/ lead metal-based 

Schiff base complexes and explored the application of electrical properties of these 

heteronuclear Schiff base metal complexes.[75]  

Prof. Barindra Kumar Ghosh, ex-Professor of the department of chemistry, University 

of Burdwan is one of the renowned scientists who made his distinct mark in the field of 

coordination and Schiff base chemistry. Prof. Ghosh and co-workers have been 

successfully designing the Schiff base ligand and synthesising various coordinated d-

block metal complexes. This group exhibited the diversified coordination abilities of the 

Schiff base ligands towards the development of interesting nuclearities and 

dimensionalities of the coordination compounds.[76] 

Dr. Anangamohan Panja of Panskura Banamali College showed the suitability of the 

Schiff base-metal complexes as promising candidates for bioinspired oxidation 

catalysts.[77]  

Different scientific groups across the globe have also been engaged in the synthesis of 

smart coordination compunds based on Schiff bases with various applications in the 

different branches of science.[78,79] Melanie Pilkington of Brock University, Canada and 
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the co-workers were synthesised 2,2-bipyridyl functionalized quarterpyridine ligand 

and their metal complexes showing their catalytic utilities in rearrangement reactions.[80]  

Pof. Rui-Qing Fan and Yu-Lin Yang of Harbin Institute of Technology, China 

developed substituted Schiff bases and their coordination compounds containing 3d10-, 

4d10-, 5d10- metal ions. They also explored the metal complexes as the sensitizers in the 

solar cell devices.[81] Qiubin Kan of Jilin University,  China and his group were 

designed various 3d-metal complexes with Schiff base ligands and the compounds were 

immobilized onto graphene oxide to investigate the epoxidation of different alkene 

groups.[82] Yingming Yao of Soochow University, China,  also designed and synthesized 

the f-block metal complexes having pentadentate Schiff base ligands and studied the 

catalytic aspects towards the heteroselective polymerization of rac-lactide.[83] Prof. 

Kusum K. Bania and co-workers designed the chiral nickel(II)-Schiff base complexes 

and investigated their heterogeneous adduct with zeolite-Y as a chiral catalyst for 

asymmetric Henri reaction..[84] Wen-Jing Xiao and coworkers also engaged in the 

synthesis of chiral sulfoxide–Schiff base ligands and their copper complexes for the 

catalytic application for asymmetric Henri reaction.[85] The Japan Scientist Takashiro 

Akitsu and co-workers were developed modified salen type chiral Schiff bases and 

these complexations with various divalent 3d-metal ions with chiral Schiff bases.[86]   

Furthermore, Zahra Besharati and coworkers were synthesised the palladium 

nanoparticles (PdNPs) supported halloysite functionalised Schiff base composites and 

explored their catalytic efficiency in Sonogashira reaction.[87] Further, Yuping Dong and 

group developed diethylaminophenol functionalised Schiff base and studied its 

application for security printing and data storage based on the opto-electronic 

properties.[88] Hadis Afshar Hezarkhani and co-workers were successfully developed 

copper-(II) Schiff base complex functionalised boehmite nano particles. His group also 

exhibited the application of catalysts for the oxidation of sulfides and thiol.[89] The 

scientist Mohamed Habila and co-workers were synthesised fabrication Schiff base 

functionalised porous carbons materials. His group was studies the water treatment 

application for removing hazardous metal ions from wastewater.[90]  

Nevertheless, during the last few years, we are also engaged in the design of new Schiff 

base ligands and their modified form. We also explored the coordination ability of the 

synthetic Schiff bases towards different d- and f- block metal ions. It is also observed 

that few Schiff bases underwent zwitterionic form during their coordination with metal 

ions at a certain reaction condition.[91] Sometimes the Schiff bases did not offer all the 
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donor centres for metal ions during chelation.[92] Therefore, the Schiff base may turn out 

to be a flexidentate ligand and a congregation in the development of coordination 

compounds. We also evaluated the Schiff base as an effective and selective ions sensor 

in the solution phase.[93] We also synthesised and explored various bioinspired 

coordination compounds containing (N, N), (N, O), (N, N, O)-donor Schiff base 

ligands.[94] It is further evident that the Schiff base may be considered as an important 

building block for developing nano dimensional molecular aggregates with light-

harvesting properties.[95]  

Scientifically, it is proven that polypyridyl compounds are considered effective 

chelators.[96-100] 2,2-bipyridine, 1,10-phenanthroline, 2,2-dipyridylamine and their 

substituted forms are widely used chelating agents in the formation of metal complexes 

with various metal ions. Like, 2,2-dipyridylamine, a commercially available ligand, is a 

neutral (N, N)-donor chelating ligand, which exhibits the existence of different 

conformations during interactions with metal ions.[101, 102]  

Setifi et al. discovered three conformations for 2,2-dipyridylamine (dpa): cis–cis, cis–

trans, and trans–trans (Scheme 1.5); The cis and trans conformations refer to the 

orientation of the pyridyl-N to the secondary amine-N.[103] Several bonding modes are 

possible involving just the pyridyl nitrogen atoms (Scheme 1.6). Although, the dpa 

ligand may show its existence in different conformations or binding modes I to VII, but 

II and IV forms are the most common conformations we observed during its chelation 

with transition metals. However, additional binding modes are possible for anionic dpa. 

 

Scheme 1.5. Different conformers of 2,2-dipyridylamine  
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Scheme 1.6. Various binding modes of 2,2-dipyridylamine 

We also surveyed the ligational motifs for a few synthetic Schiff base ligands. For 

example, (Z)-2-methoxy-6-(((2-methoxyphenyl)imino) methyl)phenol ligand may be 

easily synthesised by refluxing o-anisidine and o-vanillin in ethanol medium. Virtually, 

this synthetic ligand adopts four donor centres and may be able to bind a metal ion 

through its tetradentate binding sites. However, it behaved as a tridentate chelator 

towards a divalent copper ion. The binding conformation of the ligand is shown in 

Scheme 1.7.   

                                 
  Scheme 1.7. Different binding modes of 2-methoxy-6-(((2-methoxyphenyl)imino) 

methyl)phenol ligand 

In this context, I have designed and synthesized a few mono- and dinuclear metal 

complexes of cobalt, nickel, copper, and zinc with different (N,N) and (N,O) donor 

organic blockers viz. 2,2-dipyridylamine (L1), 1,2-bis(phenyl(pyridin-2-

yl)methylene)hydrazine (L2), 1-(4-methoxybenzyl)-2-(4-methoxyphenyl)-1H-
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benzo[d]imidazole (L3) and 2-methoxy-6-(((2-methoxyphenyl)imino) methyl)phenol 

(L4). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

      

Scheme 1.8. Schematic presentation of polydentate ligands  

 

1.4. Scope and objectives of the present study 

This work focuses on the design, synthesis and spectroscopic characterization of 

different new coordination assemblies and investigates their properties as well as their 

potential application for several catalytic transformations.[104-107] The theme of this 

dissertation is summarized below: 

(i) Rational design and synthesis of ligands and new coordination compounds; 

(ii) Through characterization them through different analytical techniques; 

(iii) X-ray structures of the synthetic compounds and their supramolecular frameworks 

to reveal the primary and secondary zone of coordination and non-covalent interactions; 

(iv) Elucidation of stereochemical, geometrical and electronic structure of these hitherto 

unknown compounds using spectroscopic results and computational calculations; 

(v) Investigatation of different bio-inspired oxidation reactions like Phenoxazinone 

Synthase, Phosphatase activity; and Catechol Dioxygenase Activity; 
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(vi) Comparison of the catalytic activity between the reported and newly developed 

coordination compounds. 

 

In my PhD thesis, the references are arranged according to following format…. 

name of authors, abbreviated journal name in italic, year, volume in bold, page/article 

number…. 

P. K. Mudi, L. Singla, A. Chamuah, S. Bhattacharya, A. R. Choudhury and B. Biswas, 

Cryst. Engg. Commun., 2022, 24, 2418-2428.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



11 | P a g e  
 

References 

[1]. R. H. Fish and G. Jaouen, Organometallics, 2003, 22, 2166-2177. 

[2]. N. Farrell, Coord. Chem. Rev., 2002, 232, 1-4. 

[3]. N. Kitajima and Y. Moro-oka, Chem. Rev., 1994, 94, 737-757. 

[4]. M. Ruben, J. Rojo, F. J. Romero-Salguero, L. H. Uppadine and J. -M. Lehn, Angew. 

Chem., 2004, 43, 3644 – 3662. 

[5]. M. A. Zoroddu, J. Aaseth, G. Crisponi, S. Medici, M. Peana and V. M. Nurchi, J. 

Inorg. Biochem., 2019, 195, 120–129. 

[6]. S. Zhang, Nat.  Biotechnol., 2003, 21, 1171-1178. 

[7]. G. Knör, Coord. Chem. Rev., 2016, 325, 102–115. 

[8]. A. Al‐Ebraheem, K. Geraki, R. Leek, A. L. Harris and M. J. Farquharson, X‐Ray 

Spectrom. 2013, 42(4), 330-336. 

[9]. W. Qiao, H. Xie, J. Fang, J. Shen, W. Li, D. Shen, J. Wu, S. Wu, X. Liu, Y. Zheng 

and K. M. Cheung, Biomaterials, 2021, 276, 121038. 

[10]. M. E. Palm-Espling, M. S. Niemiec and P. Wittung-Stafshede, Biochim. Biophys. 

Acta, 2012, 1823(9), 1594-603. 

[11]. M. Valko, K. Jomova, C. J. Rhodes, K. Kuča and K. Musílek, Arch.  Toxicol., 

2016, 90(1), 1-37. 

[12]. R. Tanaka and A. Tanaka, Biochim. Biophys. Acta., 2011, 1807(8), 968-976. 

[13]. G. Layer, J. Reichelt, D. Jahn and D. W. Heinz, Protein Sci., 2010, 19(6), 1137-

1161. 

[14]. D. Efe, Ind Crops Prod., 2020, 156, 112849. 

[15]. S. Schneider, A. Schintlmeister, M. Becana, M. Wagner, D. Woebken and S. 

Wienkoop, Plant cell environ., 2019, 42(4), 1180-1189. 

[16]. K. Gruber, B. Puffer and B. Kräutler, Chem. Soc. Rev., 2011, 40(8), 4346-4363. 

[17]. M. Yan, J. C. Lo, J. T. Edwards and P. S. Baran, J. Am. Chem. 

Soc., 2016, 138(39), 12692-12714. 

[18]. P. M. Harrison and R. J. Hoare, Metals in biochemistry, London: Chapman and 

Hall, 1980 Oct 30. 

[19]. R. Crichton, Biological inorganic chemistry: a new introduction to molecular 

structure and function. Elsevier, 2012 Jan 25. 

[20]. M. M. Harding, M. W. Nowicki and M. D. Walkinshaw, Crystallogr. Rev., 2010, 

16(4), 247-302. 



12 | P a g e  
 

[21]. R. J. Williams, Inorg. Chim. Acta Rev., 1971, 5, 137-155. 

[22]. S. K. Samanta and L. Isaacs, Coord. Chem. Rev., 2020, 410, 213181. 

[23]. M. E. Stathopoulou, N. Zoupanou, C. N. Banti, A. P. Douvalis, C. 

Papachristodoulou, K. D. Marousis, G. A. Spyroulias, T. Mavromoustakos and S. 

K. Hadjikakou, Steroids, 2021, 167, 108798. 

[24]. C. D. Hubbard, D. Chatterjee, M. Oszajca, J. Polaczek, O. Impert, M. 

Chrzanowska, A.  Katafias, R. Puchta and R. van Eldik, Dalton Trans., 2020, 

49(15), 4599-4659. 

[25]. Jr J. C Toledo and O. Augusto, Chem. Res. Toxicol., 2012, 25(5), 975-989. 

[26]. A. A. Rosatella, S. P. Simeonov, R. F. Frade and C. A. Afonso, Green Chem., 

2011, 13(4), 754-793. 

[27]. A. Frei, J Zuegg, A. G. Elliott, M. Baker, S. Braese, C. Brown, F. Chen, C. G. 

Dowson, G. Dujardin, N. Jung and A. P. King, Chem. sci., 2020, 11(10), 2627-

2639. 

[28]. Y. Gou, J. Li, B. Fan, B. Xu, M. Zhou and F. Yang, Eur. J. Med. Chem., 2017, 

134, 207-217. 

[29]. B. J. Holliday and C. A. Mirkin, Angew. Chem., 2001, 40(11), 2022-2043. 

[30]. H. Xu, R. Chen, Q. Sun, W. Lai, Q. Su, W. Huang and X. Liu, Chem. Soc. Rev., 

2014, 43(10), 3259-3302. 

[31]. S. Semwal and J. Choudhury, Angew. Chem., 2017, 56(20), 5556-5560. 

[32]. O. A. El-Gammal, F. S. Mohamed, G. N Rezk and A. A. El-Bindary, J. Mol. Liq., 

2021, 326, 115223. 

[33]. C. X. Zhang and S. J. Lippard, Curr. Opin. Chem. Boil., 2003, 7(4), 481-489. 

[34]. X. X. Wu, Y. Y. Wang, P. Yang, Y. Y. Xu, J. Z. Huo, B. Ding, Y. Wang and X. 

Wang, Cryst. Growth Des., 2014, 14(2), 477-490. 

[35]. F. S. Delgado, C. A. Jimenez, P. Lorenzo-Luis, J. Pasán, O. Fabelo, L. Canadillas-

Delgado, F. Lloret, M. Julve and C. Ruiz-Perez, Cryst. Growth Des., 2012, 12(2), 

599-614. 

[36]. L. Kong, W. J. Li, X. L. Li, W. Q. Geng, F. Y. Hao, J. Y. Wu, H. P. Zhou, J. X. 

Yang, Y. P. Tian and B. K. Jin, Polyhedron, 2010, 29(6), 1575-1582. 

[37]. H. Schiff, Justus Liebigs Ann. Chem., 1864, 131(1), 118-119.  

[38]. S. V. Eliseeva and J. C. Bünzli, Chem. Soc. Rev., 2010, 39(1), 189-227. 

[39]. R. L. Farmer and F. L. Urbach, Inorg. Chem., 1974, 13(3), 587-592. 

[40]. I. Omae, Chem. Rev., 1979, 79(4), 287-321. 



13 | P a g e  
 

[41]. M. M. Blight and N. F. Curtis, J. Chem. Soc., 1962, 3016-3020. 

[42]. X. S. Zhang, K. Chen and Z. J. Shi, Chem. Sci., 2014, 5(6), 2146-2159. 

[43]. R. D. Patil and S. Adimurthy, Asian J. Org. Chem., 2013, 2(9), 726-744. 

[44]. T. Mallat, A. Baiker, Chem. Rev., 2004, 104(6), 3037-3058. 

[45]. W. Qin, S Long, M. Panunzio and S. Biondi, Molecules, 2013, 18(10), 12264-

12289. 

[46]. C. M. Da Silva, D. L. da Silva, L. V. Modolo, R. B. Alves, M. A. de Resende, C. 

V. Martins and Â. de Fátima, J. Adv. Res., 2011, 2(1), 1-8. 

[47]. A. K. Chakraborti, S. Bhagat and S. Rudrawar, Tetrahedron lett., 2004, 45(41), 

7641-7644. 

[49]. M. Abirami and V. Nadaraj, Int. J. ChemTech Res., 2014, 6(4), 2534-2538. 

[50]. R. S. Varma and R. Dahiya, Tetrahedron, 1998, 54(23), 6293-6298. 

[51]. T. Baran, E. Açıksöz and A. Menteş, Carbohydr. Polym., 2016, 142,189-198. 

[52]. T. Baran, N. Y. Baran and A. Menteş., Mol. Struct., 2018, 1160, 154-160. 

[53]. M. Sharma, J. Mangas-Sanchez, S. P. France, G. A. Aleku, S. L. Montgomery, J. I. 

Ramsden, N. J. Turner and G. Grogan, ACS Catal., 2018, 8(12), 11534-11541. 

[54]. M. P. Patil and R. B. Sunoj, J. org. chem., 2007, 72(22), 8202-8215. 

[55]. S. Sankaranarayanapillai, S. Sreekumar, J. Gomes, A. Grippo, G. E. Arab, M. 

Head‐Gordon, F. D. Toste and A. T. Bell, Angew. Chem., 2015, 54(15), 4673-

4677. 

[56]. A. M. Yimer, Rev. Catal., 2015, 2(1), 14-25. 

[57]. C. Verma and M. A. Quraishi, Coord. Chem. Rev., 2021, 446, 214105. 

[58]. S. Bag, P. K. Bhaumik, S. Jana, M. Das, P. Bhowmik and S. Chattopadhyay, 

Polyhedron, 2013, 65, 229-237. 

[59]. V. Patel, P. Trivedi, H. Gohel and D. Khetani, IJAPBC., 2014, 3(4), 999-1003. 

[60]. K. A. Maher and S. R. Mohammed, Int. J. Curr. Res. Rev., 2015, 7(2), 6. 

[61]. P. Guerriero, P. A. Vigato, D. E. Fentonº and P. C. Hellierº, Acta Chem. Scand., 

1992, 46, 1025-1046. 

[62]. A. Ahlawat, V. Singh and S. Asija, Chem. Pap., 2017, 71(11), 2195-2208. 

[63]. M. Shit, S. Maity, S. Bera, P. K. Mudi, B. Biswas, T. Weyhermüller P. and Ghosh, 

New J. Chem., 2021, 45(4), 2221-2227. 

[64]. P. K. Mudi, N. Bandopadhyay, M. Joshi, M. Shit, S. Paul, A. R. Choudhury and B. 

Biswas, Inorg. Chim. Acta, 2020, 505, 119468. 



14 | P a g e  
 

[65]. S. Mahato, N. Meheta, M. Kotakonda, M. Joshi, P. Ghosh, M. Shit, A. R. 

Choudhury and B. Biswas, Appl. Organomet. Chem., 2020, 34(11), e5935. 

[66]. C. K. Pal, S. Mahato, M. Joshi, S. Paul, A. R. Choudhury and B. Biswas, Inorg. 

Chim. Acta, 2020, 506, 119541. 

[67]. A. De, D. Dey, C. K. Pal, S. Paul and B. Biswas, J. Mol. Struct., 2019, 1195, 293-

301. 

[68]. P. Mahapatra, S. Giri, M. G. Drew and A. Ghosh, Dalton Trans., 2018, 47(10), 

3568-3579. 

[69]. T. K. Ghosh, S. Maity, J. Mayans and A. Ghosh, Inorg. Chem., 2020, 60(1), 438-

448. 

[70]. P. Bhunia, S. Ghosh, R. M. Gomila, A. Frontera and A. Ghosh, Inorg. Chem., 

2020, 59(21), 15848-15861. 

[71]. A. Sarkar, A. Chakraborty, T. Chakraborty, S. Purkait, D. Samanta, S. Maity and 

D. Das, Inorg. Chem., 2020, 59(13), 9014-9028. 

[72]. A. Sarkar, A. Chakraborty, A. Adhikary, S. Maity, A. Mandal, D. Samanta, P. 

Ghosh and D. Das, Dalton Trans., 2019, 48(37), 14164-14177. 

[73]. A. K. Adak, R. Purkait, S. K. Manna, B. C. Ghosh, S. Pathak and C. Sinha, New J. 

Chem., 2019, 43(9), 3899-3906. 

[74]. A. Chandra, D. Das, J. O. Castro, K. Naskar, S. Jana, A. Frontera, P. P. Ray and C. 

Sinha, Inorg. Chim. Acta, 2021, 518, 120253. 

[75]. S. Roy, M. G. Drew, A. Bauzá, A. Frontera and S. Chattopadhyay, Dalton Trans., 

2017, 46(16), 5384-5397. 

[76]. S. Roy, A. Dey, M. G. Drew, P. P. Ray and S. Chattopadhyay, New J. Chem., 

2019, 43(13), 5020-5031. 

[77]. D. Sutradhar, H. Chowdhury, S. Banerjee, N. C. Saha and B. K. Ghosh, Inorg. 

Chim. Acta, 2019, 485, 86-97. 

[78]. N. C. Jana, P. Brandão, A. Frontera and A. Panja, Dalton Trans., 2020, 49(40), 

14216-14230. 

[79]. A. M. Abu-Dief and I. M. Mohamed, Beni-suef univ. j. basic appl. Sci., 2015, 4(2), 

119-133. 

[80]. P. A. Vigato and S. Tamburini, Coord. Chem. Rev., 2004, 248(17-20), 1717-2128. 

[81]. J. Wang, S. Onions, M. Pilkington, H. Stoeckli-Evans, J. C. Halfpenny and J. D. 

Wallis, Chem. Commun., 2007, 35, 3628-3630. 



15 | P a g e  
 

[82]. Y. W. Dong, R. Q. Fan, P. Wang, L. G. Wei, X. M. Wang, H. J. Zhang, S. Gao, Y. 

L. Yang and Y. L. Wang, Dalton Trans., 2015, 44(12), 5306-5322. 

[83]. H. Su, Z. Li, Q. Huo, J. Guan and Q. Kan, RSC. Adv., 2014, 4(20), 9990-9996. 

[84]. Y. Cui, W. Gu, Y. Wang, B. Zhao, Y. Yao and Q. Shen, Catal. Sci.Technol., 2015, 

5(6), 3302-3312. 

[85]. M. Sharma, B. Das, G. V. Karunakar, L. Satyanarayana and K. K. Bania, J. Phys. 

Chem. C., 2016, 120(25), 13563-13573. 

[86]. H. G. Cheng, L. Q.  Lu, T. Wang, J. R. Chen and W. J. Xiao, Chem. Commun., 

2012, 48(45), 5596-5598. 

[87]. N. Sunaga, T. Haraguchi and T. Akitsu, Symmetry, 2019, 11(9), 1094. 

[88]. M. Daraie, M. M. Heravi, Y. Rangraz and Z. Besharati, Sci. Rep., 2021, 11(1), 1-

11. 

[89]. T. Han, X. Feng, D. Chen and Y. Dong, J. Mater. Chem. C., 2015, 3(28), 7446-

7454. 

[90]. M. M. Khodaei, A. Alizadeh and H. Afshar Hezarkhani, Appl. Organomet. Chem., 

2020, 34(1), e5262. 

[91]. A. Al-Marghany, A. Y. Ahmed, Z. A. AlOthman, M. Sheikh, A. A. Ghfar and M. 

Habila, Arab.  J. Geosci., 2021, 14(5), 1-3. 

[92]. S. Mahato, N. Meheta, M. Kotakonda, M. Joshi, M. Shit, A. R. Choudhury and B. 

Biswas, Polyhedron, 2021, 194, 114933. 

[93]. P. K. Mudi, R. K. Mahato, M. Joshi, S. Paul, A. R. Choudhury and B. Biswas, J. 

Mol. Struct., 2020, 1200, 127083. 

[94]. S. Roy, P. Paul, M. Karar, M. Joshi, S. Paul, A. R. Choudhury and B. Biswas, J. 

Mol. Liq., 2021, 326, 115293. 

[95]. P. K. Mudi, R. K. Mahato, M. Joshi, M. Shit, A. R. Choudhury, H. S. Das and B. 

Biswas, Appl. Organomet. Chem., 2021, 35(6), e6211. 

[96]. P. K. Mudi, A. Das, N. Mahata and B. Biswas, J. Mol. Liq., 2021, 340, 117193. 

[97]. B. Biswas, A. Al‐Hunaiti, M. T. Räisänen, S. Ansalone, M. Leskelä, T. Repo, Y. 

T. Chen, H. L. Tsai, A. D. Naik, A. P. Railliet and Y. Garcia, Eur. J. Inorg. 

Chem., 2012, 2012(28), 4479. 

[98]. D. Dey, S. Das, H. R. Yadav, A. Ranjani, L. Gyathri, S. Roy, P. S. Guin, D. 

Dhanasekaran, A. R. Choudhury, M. A. Akbarsha and B. Biswas, Polyhedron, 

2016, 106, 106-114. 



16 | P a g e  
 

[99]. D. Dey, A. B. Roy, A. Ranjani, L. Gayathri, S. Chandraleka, D. Dhanasekaran, M. 

A. Akbarsha, C. Y. Shen, H. L. Tsai, M. Maji, N. Kole and B. Biswas, J.  Chem. 

Sci., 2015, 127(4), 649-61. 

[100]. S. Das, A. Ranjani, L. Gayathri, S. Saha, J. Pasan, D. Dhanasekaran, M. A. 

Akbarsha, M. Maji and B. Biswas, J.  Chem. Sci., 2016, 128(11), 1755-1764. 

[101]. M. Garai, D. Dey, H. R. Yadav, A. R. Choudhury, N. Kole and B. Biswas, 

Polyhedron, 2017, 129, 114-122. 

[102]. D. Dey, A. De, S. Pal, P. Mitra, A. Ranjani, L. Gayathri, S. Chandraleka, D. 

Dhanasekaran, M. A.  Akbarsha, N. Kole and B. Biswas, Indian J. Chem., 2015, 

54A, 170-178. 

[103]. R. K. Mahato, S. Das, M. Joshi, A. R. Choudhury, A. Misra and B. Biswas, Appl. 

Organomet. Chem., 2021, e6483. 

[104]. F. Setifi, J. M. Knaust, Z. Setifi and R. Touzani, Acta Cryst., 2016, E72, 470-476.  

[105]. P. K. Mudi, S. Pradhan, A. Sahu, D. Saha and B. Biswas, Applied Microbiology: 

Theory & Technology, 2021. 

[106]. X. Liu, C. Manzur, N. Novoa, S. Celedón, D. Carrillo and J. R. Hamon, Coord. 

Chem. Rev., 2018, 357, 144-172. 

[107]. X. Liu and J. R. Hamon, Coord. Chem. Rev., 2019, 389, 94-118. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 




