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ABSTRACT 

Ten complexes of the type [RuCl2L
1-10] (Where L = macrocyclic Sehiff base ligands; derived from 

condensation of thiodiglycolic acid and different aliphatic daminies) have been synthesized by reaction of 

[RuCl2.(DMSO)4]. These complexes were characterized by elemental analysis, molar conductance, UV-visible 

spectra, IR, magnetic moment and X-ray photoelectron (XPS) spectra. An octahedral geometry was also 

established for all these complexes. 

 

INTRODUCTION 

The macrocyclic ligands and their metal complexes have been extensively studied in last few decades 

due to macrocyclic ligands utilization in coordination chemistry[1-7]; catalysis[8-14]; bioinorganic 

chemistry[15-16]; organometallic chemistry[17] asnd biocoordination[18]. Many macrocyclic Schiff base 

ligands have also been synthesised by the template condensation reactions[19-21]. Many different types of 

macrocyclic ligands have also been synthesized e.g. N4S2 donor macrocyclic ligands [22-29]; crown ethers[30]; 

porphyrins[8]; saturated and unsaturated polyamines [22-28,31-47]; polyazamacrocycles[43,48-51] and Robson 

type tetraiminodiphenol macrocyclic ligands [31,35-36, 41, 44-46]. 

Macrocyclic metal complexes have also been used as anticancerous[52]; as in metal ion 

separation[13,53-54]; as in detecting tumor lesions[55]; as toxicity against bacterial fungal growth[56]; as 

photosensitizer[57-58]; as catalyst[59-62]; as in photosynthesis and dioxygen transport[63-64], as in 

pharmacological agent[65-67]; as cancer diagnosis[62,68-69]; as therapeutic, radiotherapeutic[70-71]; as 

antitumour[72]; as medicinal applications[68,73]; as environmental applications[74]; as RNA cleavage 

catalyst[75-76], and as NMR shift and relaxation agents[77-78]. Recently six reviews have also been published 
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which covers about ruthenium metal complexes and their applications with different macrocyclic ligands[79-

84]. 

The literature survey of last few decades revealed that although many ruthenium (II) and ruthenium (III) 

metal complexes with different macrocyclic ligands have been synthesized and characterized; ruthenium (II) 

metal complexes are less reported [29,85-94]. In this present research paper ten new macrocyclic ligands have 

been synthesized (which are derived from thiodiglycolic acid and different aliphatic diamines) and by 

interaction of each these ligand with [RuCl2(DMSO)4]; new ruthenim (II) metal complexes of the type 

[RuCl2L
1-10] have been synthesized and characterized. 

 

EXPERIMENTAL 

The chemicals thiodiglycolic acid (Aldrich); RuCl3.3H2O (Johnson Matthey & Co. Ltd.); 

Dimethylsulphoxide i.e. DMSO (Aldrich); NH2(CH2)2NH2(BDH); NH2(CH2)3NH2(BDH); 

NH2(CH2)4NH2(BDH); NH2(CH2)5NH2(BDH); NH2(CH2)6NH2(BDH); NH2(CH2)7NH2(BDH); 

NH2(CH2)8NH2(BDH);  NH2(CH2)9NH2(BDH);  NH2(CH2)10NH2(BDH);       CH3COCH3 (Aldrich); CH3OH 

(BDH) and DMF (Aldrich) were AR Grade and used after purification and dried as given in literature[95-96]. 

[RuCl2(DMSO)4] was synthesized by the method given in the literature[97]. Melting points were measured by 

using capillary tubes on Buchi-SMP-20 capillary Melting Point Apparatus. Chlorine and nitrogen were 

determined by Volhard's and Kjeldahl's methods respectively[95-96]. The C and H percentage elemental 

analysis were done by CDRI, Lucknow, India. Molar conductance were measured by Elico CM 8.2 

Conductivity Bridge at room temperature in DMF. IR spectra were recorded on Perkin-Elmer 1000 IR 

spectrometer using CsI pellets. Electronic spectral measurements were recorded on Elico SL159 

spectrophotometer in the range 300-1000 nm using Hg[Co(SCN)4] as calibrant. Magnetic measurements were 

carried out on a Cahn 2000 electrobalance by Faraday Method. X-ray photoelectron spectra (XPS) were 

recorded on VG Scientific ESCA-II spectrometer using AlK (1486.6 eV) as source. All photoelectron peaks 

were corrected for charging with reference to C1s peak 284.8 eV and fitted with Shirley background and a 

combination of Gaussian and Lorentzian line-shapes using Escape software [98-99]. 

 

Preparation of [RuCl2L1-10] Complexes: 

(2 mmol) thiodiglycolic acid was mixed in dry methanol solution of (2 mmol) NH2(CH2)nNH2 (where n=2 or 3 

or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 12) in dry methanol solvent and refluxed for two hours. In each resulting 

solution [RuCl2(DMSO)4], poured (1 mmol) and again refluxed for 2 hours. The resulting precipitate was 

filtered and recrystallized by benzene, pet-ether (9:1) ratio (Fig. 1). 
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Table I : Ru3p1/2, 3/2; N1s; O1s; S2p1/2, 3/2 and Cl2p binding energies (eV) in Ligands; [RuCl2(DMSO)4] and 

[RuCl2L
1-10] metal complexes 

 

Sr. No. Ligand & 

Complex 

Ru3p1/2, 3/2 N1S O1s S2p1/2, 

3/2 

 Ru3p1/2 Ru3p3/2 Uncoord. Coord. 

1 L1 - - 400.8 - 531.0 166.0 

2 L2 - - 400.8 - 531.0 166.0 

3 L3 - - 400.8 - 531.0 166.0 

4 L4 - - 400.8 - 531.0 166.0 

5 L5 - - 400.8 - 531.0 166.0 

6 L6 - - 400.8 - 531.0 166.0 

7 L7 - - 400.8 - 531.0 166.0 

8 L8 - - 400.8 - 531.0 166.0 

9 L9 - - 400.8 - 531.0 166.0 

10 L10 - - 400.8 - 531.0 166.0 

 

 

 

 

Sr. 

No. 

Ligand & 

Complex 

Ru3p1/2, 3/2 N1S 
O1s Cl2p 

S2p1/2, 

3/2 Ru3p1/2 Ru3p3/2 Uncoord. Coord. 

11 RuCl2(DMSO)4 482.2 460.2 - - 531.0 201.4 166.8 

12 [RuCl2.L
1] 481.0 459.0 - 402.4 531.0 202.8 166.0 

13 [RuCl2.L
2] 481.0 459.0 - 402.4 531.0 202.8 166.0 

14 [RuCl2.L
3] 481.0 459.0 - 402.4 531.0 202.8 166.0 

15 [RuCl2.L
4] 481.0 459.0 - 402.4 531.0 202.8 166.0 

16 [RuCl2.L
5] 481.0 459.0 - 402.4 531.0 202.8 166.0 

17 [RuCl2.L
6] 481.0 459.0 - 402.4 531.0 202.8 166.0 

18 [RuCl2.L
7] 481.0 459.0 - 402.4 531.0 202.8 166.0 

19 [RuCl2.L
8] 481.0 459.0 - 402.4 531.0 202.8 166.0 

20 [RuCl2.L
9] 481.0 459.0 - 402.4 531.0 202.8 166.0 

21 [RuCl2.L
10] 481.0 459.0 - 402.4 531.0 202.8 166.0 
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Fig. 2 : Ru3p1/2 binding energies (eV) in [RuCl2(DMSO)4 and [RuCl2L1-10] 

complexes 
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RESULTS AND DISCUSSION 

Ten Ru (II) complexes with N4S2 macrocyclic ligands were prepared by interaction of each N4S2 macrocyclic 

ligand with [RuCl2(DMSO)4]; in which each macrocyclic were derived from condensation of thiodiglycolic acid 

(2 mmol) with different aliphatic diamine (2 mmol) in dry methanol solvent. The calculated and found 

percentage of C, H, N and Cl elemental analysis were found within  0.5%. The molar conductance in each 

complex was obtained below 12-30 ohm-1 cm2 mol-1 suggesting nonelectrolyte nature and proposed structure 

composition as [RuCl2.L
1-10][101]. In each complex IR band due to υc=N was shifted towards lower side band 

20-40 cm-1 with respect to the ligand band and was obtained in the range of 1600-1550 cm-1[77]. A low 

intensity band have also shown in the range of 520-500 cm-1 due to υRu-N vibration suggested that ligand is 

coordinated to Ruthenium metal ion through nitrogen of C=N group in each prepared complex. One IR band 

was also observed in the range of 320-300 cm-1, suggesting presence of two chlorine ions in trans position 

around ruthenium ion[102]. Each [RuCl2.L
1-10] complex have also shown characteristic IR bands of aromatic 

ring in the expected region[102]. In each [RuCl2.L
1-10] complex, four electronic transition bands were shown 

due to 1A1g  1T2g; 
1A1g  1T1g; 

1A1g  3T2g; 
1A1g  3T1g;   suggesting octahedral geometry. Two electronic 

bands were shown in the region 200-530 nm due to the spin allowed 1A1g  1T1g transition at lower 
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wavelength[103]. Another high intensity band were shown at 280-290 nm region due to charge transfer from 

the excitation of an electron from the metal t2g level to the unfilled molecular orbital derived from the * level 

of ligands[103]. The negative value of magnetic susceptibility in each [RuCl2.L
1-10] complex at room 

temperature suggested diamagnetic nature of each complex. 

For Ru3p1/2, 3/2; N1s; Cl2p; O1s and S2p photoelectron peaks binding energies (eV) values for ten 

prepared ligands i.e. L1-10; [RuCl2(DMSO)4] and prepared complexes [RuCl2.L
1-10] are listed in Table 1 (Fig. 2 

to 7). It was observed that Ru3p1/2 and Ru3p3/2 binding energies (eV) were higher in starting material 

[RuCl2(DMSO)4] (Ru3p1/2 BE= ~482.2 eV and Ru3p3/2 BE = ~460.2 eV) than in prepared [RuCl2.L
1-10] 

complex (Ru3p1/2 BE= ~481.0 eV and Ru3p3/2 BE=459.0 eV); suggested that coordination electron density is 

more in each metal complex [RuCl2.L
1-10] on ruthenium metal ion[99-100]. In each [RuCl2.L

1-10] metal 

complex, only one single symmetrical N1s photoelectron peak was observed at higher binding energy side than 

each N1s photoelectron binding energy of each ligand, suggested all four nitrogen atoms are coordinated with 

ruthenium metal ion[99-100]. One sharp photoelectron peak at BE= ~202.8 have also shown in each [RuCl2.L
1-

10] complex, which was higher binding energy side than Cl2p binding energy ( Cl2p BE=201.4 eV) of 

[RuCl2(DMSO)4]; suggested both chlorine atoms in each [RuCl2.L
1-10] are coordinated and in trans position 

with inner sphere chlorine atom[99-100]. The O1s and S2P1/2,3/2 binding energies (eV) in each complex 

[RuCl2.L
1-10] were observed in same position as in each ligand (O1s BE=531.0 eV and S2p BE=166.0 eV); 

suggest non-involvement of oxygen and sulphur atoms in coordination in each [RuCl2.L
1-10] complex. The 

Ru3S1/2 photoelectron peak in each [RuCl2.L
1-10] complex, have shown one single photoelectron peak without 

splitting or asymmetric nature suggesting diamagnetic nature of each complex[99-100]. 

CONCLUSION 

On the basis of elemental analysis; molar conductance; electronic spectra; IR; magnetic suceptibility and X-ray 

photoelectron spectra (XPS); the structure of each prepared complex may be assigned as [RuCl2.L
1-10] as shown 

in Fig. 1 and an octahedral geometry may be established for each complex. 

REFERENCES 

1. Kanaoujiya R. and Srivastava S., Coordination Chemistry of Ruthenium, Res. J. Chem. Environ., 

25(9), 103-106 (2021) 

2. Kong D., Huang X. and Xie Y., Synthesis, stability and structural characterization of a new 

macrocyclic ligand with four neutral pendent groups:1,4,7,10-tetraazacyclododecane (L) and its Co 

and Cu complexes, Inorg. Chim. Acta, 340, 133-138 (2002) 

3. Kumar R. and Singh R., Coordination chemistry of copper (II) complexes with N4, N4S2, and N4O2 

donor macrocyclic ligands: Biological aspects-antifungal, synthesis, spectral studies, and magnetic 

moments, Russ. J. Coord. Chem., 32(3), 192-198 (2006) 

4. Kumar, D., Synthesis of lanthanide (III) complexes of 20-membered octaaza and hexaaza Schiff-base 

macrocycles. J. Chem. Soc., Dalton Trans., (11), 1773-1778 (1999) 

5. Malachowski M.R., Dorsey B.T., Parker M.J., Adams M.E. and Kelly R.S., Probing the catalytic 

properties of copper (II) complexes of appended cyclams: correlations between catalysis and stability 

constants or electrochemical properties, Polyhedron, 17(8), 1289-1294 (1998) 

6. Mertes M.P. and Mertes K.B., Polyammonium macrocycles as catalysts for phosphoryl transfer: the 

evolution of an enzyme mimic. Acc. Chem. Res., 23(12), 413-418 (1990) 

7. Mitewa M. and Bontchev P.R., Coordination chemistry of N6 macrocycles. Coord. Chem. Rev., 135, 

129-163 (1994) 

http://www.jetir.org/


© 2022 JETIR November 2022, Volume 9, Issue 11                                                      www.jetir.org (ISSN-2349-5162) 
 

JETIR2211331 Journal of Emerging Technologies and Innovative Research (JETIR) 

www.jetir.org 

d225 
 

8. Buchi Reddy M., Shanker K., Usha Rani P., Rohini R., Kista Reddy C. and Ravinder V., New cobalt 

(n) tetraaza macrocyclic complexes: Synthesis, spectral and antimicrobial studies, J. Ind. Chem, Soc., 

84(10), 971-977 (2007) 

9. Halma M., Bail A., Wypych F. and Nakagaki S., Catalytic activity of anionic iron (III) porphyrins 

immobilized on grafted disordered silica obtained from acidic leached chrysotile, J. Mol. Cat. A: 

Chem., 243(1), 44-51 (2006) 

10. Reddy P.M., Ho Y.P., Shanker K., Rohini R. and Ravinder, V., Physicochemical and biological 

characterization of novel macrocycles derived from o-phthalaldehyde, Eur. J. Med. Chem., 44(6), 

2621-2625 (2009) 

11. Reddy P.M., Shanker K., Rohini R., Ho Y.P. and Ravinder V., Encapsulation of Pd (II) by N4 and 

N2O2 macrocyclic ligands: their use in catalysis and biology, Journal of Coordination Chemistry, 

62(18), 3040-3049 (2009) 

12. Reddy P.M., Prasad A.V. and Ravinder V., Synthesis, spectral characterization, catalytic and 

antibacterial activity of macrocyclic Cu (II) compounds, Trans. Met. Chem., 32(4), 507-513 (2007) 

13. Ruppert M., Draxler J. and Marr R., Liquid-membrane-permeation and its experiences in pilot-plant 

and industrial scale, Separation Science and Technology, 23(12-13), 1659-1666 (1988) 

14. Volkert W.A. and Hoffman T.J., Therapeutic radiopharmaceuticals, Chem. Rev., 99(9), 2269-2292 

(1999) 

15. Popov A.I., Lehn J.M. and Melson G.A., Coordination chemistry of macrocyclic compounds, by GA 

Melson, Plenum Press, New York, 537 (1979)  

16. Zhong Z.J., You X.Z. and Mak T.C., Synthesis, crystal structure and properties of a linear trinuclear 

manganese (II) complex [Mn3(CH3CO2)2(bpc)2(py4)(H20)2].5H20, Polyhedron, 13(14), 2157-2161 

(1994) 

17. Akine S., Sunaga S., Taniguchi T., Miyazaki H. and Nabeshima T., Core/shell oligometallic template 

synthesis of macrocyclic hexaoxime, Inorg. Chem., 46(8), 2959-2961 (2007) 

18. Anacona J.R., Bastardo E. and Camus J., Manganese (II) and palladium (II) complexes containing a 

new macrocyclic Schiff base ligand: antibacterial properties, Trans. Met. Chem., 24(4), 478-480 

(1999) 

19. Chandra S. and Singh, R., Synthesis and characterization of nickel(II), copper(II) and palladium(II) 

complexes of dibenzotetraaza tetradentate macrocyclic ligand, Ind. J. Chem., 34A(12), 1003-1004 

(1995) 

20. Curtis N.F., Macrocyclic coordination compounds formed by condensation of metal-amine 

complexes with aliphatic carbonyl compounds, Coord. Chem. Rev., 3(1), 3-47 (1968) 

21. Niasari M.S. and Davar F., In situ one-pot template synthesis (IOPTS) and characterization of copper 

(II) complexes of 14-membered hexaaza macrocyclic ligand “3, 10-dialkyl-dibenzo-1, 3, 5, 8, 10, 12-

hexaazacyclotetradecane”. Inorg. Chem. Commun., 9(2), 175-179 (2006) 

22. Aguiari A., Bullita E., Casellato U., Guerriero P., Tamburini S. and Vigato P.A., Macrocyclic and 

macroacyclic compartmental Schiff bases: synthesis, characterization, X-ray structure and interaction 

with metal ions, Inorg. Chim Acta, 202(2), 157-171 (1992) 

23. Constable E.C. and Lewis J., The alkylation of some ruthenium (II) complexes of ambident 

heterocyclic ligands, J. Organomet. Chem., 254(1),105-110 (1983) 

24. Constable E.C. and Raithby P.R., The crystal and molecular structure of bis (2-

pyridinethiolato)(bicyclo [2.2.1] hepta-1,4-diene) ruthenium (II), Inorg. Chim. Acta, 183(1), 21-23 

(1991) 

25. Constable E.C., King A.C., Palmer C.A. and Raithby P.R., The first structurally characterised 

example of a manganese (II) complex with monodentate thione ligands; the crystal and molecular 

http://www.jetir.org/


© 2022 JETIR November 2022, Volume 9, Issue 11                                                      www.jetir.org (ISSN-2349-5162) 
 

JETIR2211331 Journal of Emerging Technologies and Innovative Research (JETIR) 

www.jetir.org 

d226 
 

structure of trans-dichloro {tetrakis (2 (1H)-pyridinethione-S)} manganese (II), Inorg. Chim. Acta, 

184(1), 43-45 (1991) 

26. Constable E.C., Palmer C.A. and Tocher D.A., The synthesis, crystal and molecular structure of 

mertris (2-pyridinethiolato) cobalt (III), Inorg. Chim. Acta, 176(1), 57-60 (1990) 

27. Constable E.C., Stotereau P.J. and Drew M.G.B., Metal binding by mixed hard-soft donor ligands II. 

The crystal and molecular structures of dibromo (2, 10-diaza-6-thiaundecane) copper (II) and 

dichloro(2,10-diaza-6-thiaundecane)copper(II), Polyhedron, 8(23), 2749-2753 (1989) 

28. Fenton D.E., Metallobiosites and their synthetic analogues a-belief in synergism 1997-1998 Tilden 

Lecture, Chem. Soc. Rev., 28(3), 159-168 (1999) 

29. Lindoy L.F., The chemistry of macrocyclic ligand complexes. Cambridge University Press. (1990) 

30. Reddy P.M., Prasad A.V., Rohini R. and Ravinder V., Catalytic reduction of pralidoxime in 

pharmaceuticals by macrocyclic Ni (II) compounds derived from orthophthalaldehyde, Spectrochim. 

Acta Part A. Mol. Biomol. Spect., 70(3), 704-712 (2008) 

31. Atkins A.J., Black D., Blake A.J., Marin-Becerra A., Parsons S., Ruiz-Ramirez L. and Schröder M., 

Schiff-base compartmental macrocyclic complexes, Chem. Commun., 4, 457-464 (1996) 

32. Busch D.H., Distinctive coordination chemistry and biological significance of complexes with 

macrocyclic ligands. Accounts of Chemical Research, 11(10), 392-400 (1978)  

33. Constable E.C., Stotereau P.J. and Drew M.G.B., Metal-binding by mixed hard-soft donor ligands; 

the crystal and molecular structure of bromo(2,10-diaza-6-thiaundecane) palladium(II) bromide, 

Inorg. Chim. Acta, 145(1), 3-4 (1988) 

34. Curtis N.F. and Melson G., Coordination Chemistry of Macrocyclic Compounds. by GA Melson, 

Plenum, New York (1979) 

35. Dutta B., Bag P., Adhikary B., Flörke U. and Nag K., Efficient proton-templated synthesis of 18 to 

38-membered tetraimino (amino) diphenol macrocyclic ligands: structural features and spectroscopic 

properties, J. Org. Chem., 69(16), 5419-5427 (2004)  

36. Gokel G.W., Leevy W.M. and Weber M.E., Crown ethers: sensors for ions and molecular scaffolds 

for materials and biological models, Chem. Rev., 104(5), 2723-2750 (2004) 

37. Hambright P., The coordination chemistry of metalloporphyrins. Coord. Chem. Rev., 6(2-3), 247-268 

(1971) 

38. Hodacova J. and Budesinsky M., New Synthetic Path to 2,2-Bipyridine-5,5-dicarbaldehyde and its 

use in the [3+3] Cyclocondensation with trans-1,2-Diaminocyclohexane, Org.  Lett., 9(26), 5641-

5643 (2007) 

39. I. Bertini and C. Luchinat, Bioinorganic Chemistry, edited by I. Bertini, H.B. Gray, S. J. Lipprad and 

J. Valentine, University Science Books, Mill Valley, CA (1994) 

40. Kimura E., Macrocyclic polyamines with intelligent functions, Tetrahedron, 48(30), 6175-6217 

(1992) 

41. Lazarowych N.J. and Morris R.H., Molybdenum complexes containing hydride and sulphur donor 

ligands. Synthesis and properties of Mo(H)2(S2C6H3R)(PMePh2)3, R=H, Me, Journal of the Chemical 

Society, Chem. Commun., (24), 1865-1866 (1987) 

42. Lee K.J. and Suh J.H., Cooperation of Macrocyclic Metal Centers with 4-Dialkylaminopyridines in 

Catalysis by Poly (ethylenimine)-Based Artificial Metalloesterases, Bioorg. Chem., 22(1), 95-108 

(1994) 

43. Lehn J.M., Supramolecular chemistry-scope and perspectives molecules, supermolecules and 

molecular devices (Nobel Lecture), Angew. Chem. Int. Ed., 27(1), 89-112 (1988)  

44. Nazmutdinov R.R., Roznyatovskaya N.V., Glukhov D.V., Manyurov I., Mazin V.M., Tsirlina G.A. 

and Probst M., Medium and interfacial effects in the multistep reduction of binuclear complexes with 

Robson-type ligand, Inorg. Chem., 47(15), 6659-6673 (2008) 

http://www.jetir.org/


© 2022 JETIR November 2022, Volume 9, Issue 11                                                      www.jetir.org (ISSN-2349-5162) 
 

JETIR2211331 Journal of Emerging Technologies and Innovative Research (JETIR) 

www.jetir.org 

d227 
 

45. Nelson S.M., Developments in the synthesis and coordination chemistry of macrocyclic Schiff base 

ligands, Pure and Applied Chemistry, 52(11), 2461-2476 (1980) 

46. Pilkington N.H. and Robson R., Complexes of binucleating ligands. III. Novel complexes of a 

macrocyclic binucleating ligand, Aust. J. Chem., 23(11), 2225-2236 (1970) 

47. Zhang X.X., Bradshaw J.S. and Izatt R.M., Enantiomeric recognition of amine compounds by chiral 

macrocyclic receptors, Chèm, rev., 97(8), 3313-3362 (1997) 

48. Bradshaw J.S., Aza-Crown Macrocycles, Wiley, New York (1993) 

49. Izatt R.M., Bradshaw J.S., Nielsen S.A., Lamb J.D., Christensen J.J. and Sen D., Thermodynamic and 

kinetic data for cation-macrocycle interaction, Chem. Rev., 85(4), 271-339 (1985) 

50. Krakowiak K.E., Bradshaw J.S. and Zamecka-Krakowiak D.J., Synthesis of aza-crown ethers, Chem. 

Rev., 89(4), 929-972 (1989)  

51. Lopez Deber M., Bastida de la Calle R., Macias A., Perez Lourido P., Rodríguez A. and Valencia 

Matarranz L., Metal Complexes with a New Ethyl Acetate Pendant Armed Macrocyclic Ligand-

Crystal Structures of [MnL](Cl04)2 and [NiL](C104)2 CH3CN. Z. Anorg. Allg. Chem., 633, 11(12), 

1842-1846 (2007) 

52. El-Boraey H.A. and El-Gammal 0.A., New 15-membered tetraaza (N4) macrocyclic ligand and its 

transition metal complexes: spectral, magnetic, thermal and anticancer activity. Spectrochim. Acta 

Part A: Mol. Biomol. Spectro., 138, 553-562 (2015) 

53. Adam K.R., Antolovich M., Baldwin D.S., Duckworth P.A., Leong A.J., Lindoy L.F., McPartlin M. 

and Tasker P.A., Ligand design and metal-ion recognition. The interaction of copper (II) with a range 

of 16 to 19-membered macrocycles incorporating oxygen, nitrogen and sulfur donor atoms, J. Chem. 

Soc., Dalton Trans., (7), 1013-1017 (1993) 

54. Weiss S., Grigoriev V. and Mühl P., The liquid membrane process for the separation of mercury from 

waste water, Journal of Membrane Science, 12(1), 119-129 (1982) 

55. Kosmas C., Snook D., Gooden C.S., Courtenay-Luck N.S., McCall M.J., Meares C.F. and Epenetos 

A.A., Development of humoral immune responses against a macrocyclic chelating agent (DOTA) in 

cancer patients receiving radioimmunoconjugates for imaging and therapy, Cancer Research, 52(4), 

904-911 (1992) 

56. Tyagi M., Chandra S., Akhtar J. and Chand D., Modern spectroscopic technique in the 

characterization of biosensitive macrocyclic Schiff base ligand and its complexes: Inhibitory activity 

against plantpathogenic fungi, Spectrochim. Acta Part A: Mol. Biomol. Spectro., 118, 1056-1061 

(2014) 

57. Bonnett R., Photosensitizers of the porphyrin and phthalocyanine series for photodynamic therapy, 

Chem. Soc. Rev., 24(1), 19-33 (1995) 

58. Dolphin D., Syntex Award Lecture Photomedicine and photodynamic therapy. Can. J. Chem., 72(4), 

1005-1013 (1993) 

59. Bencini A., Bianchi A., Giorgi C., Paoletti P., Voltancoli B., Fusi V., Garcia-Espana E., Llinares J.M. 

and Amirez J.A., Inorg. Chem., 35, 1114-1120 (1995) 

60. Canales J., Ramirez J., Estiu G. and Costamagna J., Bis-bipyridine hexa-aza-macrocycle complexes 

of zinc (II) and nickel (II) and the catalytic reduction of carbon dioxide, Polyhedron, 19(22-23), 2373-

2381 (2000) 

61. Lu Q., Martell A.E. and Motekaitis R.J., Complexation of nucleotides and molecular catalysis of 

ATP-hydrolysis by a protonated hexaaza macrocyclic ligand, Inorg. Chim. Acta, 251(1-2), 365-370 

(1996) 

62. Makki M.S.T., Abdel-Rahman R.M. and El-Shahawi M.S., Synthesis and Voltammetric Study of 

Some New Macrocylis of Arsenic (III) in Wastewater and as Molluscicidal Agents against 

Biomophalaria Alexandrina Snails, Comptes Rendus Chimie, 15, 617-626 (2012) 

http://www.jetir.org/


© 2022 JETIR November 2022, Volume 9, Issue 11                                                      www.jetir.org (ISSN-2349-5162) 
 

JETIR2211331 Journal of Emerging Technologies and Innovative Research (JETIR) 

www.jetir.org 

d228 
 

63. Amin S., Morrow J.R., Lake C.H. and Churchill M.R., Lanthanide(m) Tetraamide Macrocyclic 

Complexes as Synthetic Ribonucleases: Structure and Catalytic Properties of 

[La(tcmc)(CF3S03)(EtOH)](CF3S03)2, Int. Ed. Engl. 33, 773-775 (1994) 

64. Champness N.R., Frampton C.S., Reid G. and Toche D.A., Mixed phosphathia macrocyclic 

chemistry: synthesis and characterisation of [M Ph2[14]ane P2S2)]2+(M= Pd or Pt), 33, 778-781 

(1994) 

65. Jain M., Gaur S., Diwedi S.C., Joshi S.C., Singh R.V. and Bansal A., Nematicidal, insecticidal, 

antifertility, antifungal and antibacterial activities of salicylanilide sulphathiazole and its manganese, 

silicon and tin complexes, Phosphorus, Sulfur, and Silicon and the Related Elements, 179(8), 1517-

1537 (2004) 

66. Sharma K., Joshi S.C. and Singh R.V., Fertility inhibitor heterobimetallic complexes of platinum (II) 

and palladium (II): synthetic, spectroscopic and antimicrobial aspects, Metal-Based Drugs, 7(2), 105-

113 (2000) 

67. Singh R.V., Dwivedi R. and Joshi S.C., Synthetic, magnetic, spectral, antimicrobial and antifertility 

studies of dioxomolybdenum (VI) unsymmetrical imine complexes having a NO-N donor system, 

Transition Metal Chemistry, 29(1), 70-74 (2004) 

68. El-Boraey H.A. and El-Din A.A.S., Transition metal complexes of a new 15-membered [N5] 

pentaazamacrocyclic ligand with their spectral and anticancer studies, Spectrochim. Acta Part A; 

Mol. Biomol. Spectro., 132, 663-671 (2014) 

69. Majkowska-Pilip A. and Bilewicz A., Macrocyclic complexes of scandium radionuclides as 

precursors for diagnostic and therapeutic radiopharmaceuticals, J. Inorg. Biochem., 105(2), 313-320 

(2011) 

70. Blain S., Appriou P., Chaumeil H. and Handel H., Application of a tetraaza macrocycle immobilized 

on an organic polymer to the determination of trace amounts of manganese in sea water, Analytica 

Chimica Acta, 232, 331-336 (1990) 

71. Cox J.P., Jankowski K.J., Kataky R., Parker D., Beeley N.R., Boyce B.A., Eaton M.A., Millar K., 

Millican A.T., Harrison A. and Walker C., Synthesis of a kinetically stable yttrium-90 labelled 

macrocycle-antibody conjugate, J. Chem. Soc., Chem. Commun., (12), 797-798 (1989) 

72. Chaudhary A. and Singh R.V., Antitumour, antimicrobial and antifertility effects of potentially 

biodynamic sixteen to twenty four membered tetraazamacrocyclic ligands and their tin (II) 

complexes, Phosphorus, Sulfur, and Silicon and the Related Elements, 182(11), 2647-2665 (2007) 

73. Bousquet J.C., Saini S., Stark D.D., Hahn P.F., Nigam M., Wittenberg J. and Ferrucci Jr J.T., Gd-

DOTA: characterization of a new paramagnetic complex, Radiology, 166(3), 693-698 (1988) 

74. Choi K.Y., Chun K.M. and Suh I.H., Synthesis and characterization of one-dimensional nickel (II) 

macrocyclic complexes with bridging organic ligands, Polyhedron, 20(1-2), 57-65 (2001) 

75. Amin S., Morrow J.R., Lake C.H. and Churchill M.R., Lanthanide (III) tetraamide macrocyclic 

complexes as synthetic ribonucleases: structure and catalytic properties of 

[La(tcmc)(CF3SO3)(EtOH)](CF3SO3)2, Angew. Chem. Int. Ed., 33(7), 773-775 (1994) 

76. Baker B.F., Khalili H., Wei N. and Morrow J.R., Cleavage of the 5-cap structure of mRNA by a 

europium (III) macrocyclic complex with pendant alcohol groups, J. Am. Chem. Soc., 119(38), 8749-

8755 (1997) 

77. Okawa H., Nishio J., Ohba M., Tadokoro M., Matsumoto N., Koikawa M., Kida S. and Fenton D.E., 

Heterodinuclear copper (II)-lead (II) and copper (II)-M (II)(M= manganese, iron, cobalt, nickel, 

copper, zinc) complexes of macrocycles with dissimilar 4- and 5-coordination sites: synthesis, 

structures, and properties, Inorg. Chem., 32(13), 2949-2957 (1993) 

http://www.jetir.org/


© 2022 JETIR November 2022, Volume 9, Issue 11                                                      www.jetir.org (ISSN-2349-5162) 
 

JETIR2211331 Journal of Emerging Technologies and Innovative Research (JETIR) 

www.jetir.org 

d229 
 

78. Platzek J., Blaszkiewicz P., Gries H., Luger P., Michl G., Müller-Fahrnow A., Radüchel B. and 

Sülzle D., Synthesis and structure of a new macrocyclic polyhydroxylated gadolinium chelate used as 

a contrast agent for magnetic resonance imaging, Inorg. Chem., 36(26), 6086-6093 (1997) 

79. Timmons J. Cody and Timothy J. Hublin, Coord. Chem. Rev., 254 (15-16), 1661 (2010) 

80. J. Archibald, Coord, Chem. Rev., 254 (15-16), 1686 (2010) 

81. Barefield, Coord. Chem. Rev., 254(15-16), 1607, (2010) 

82. Korybut-Daszkiewicz, Renata Bilewicz. and Krzysztof Wozniak, Coord. Chem. Rev., 254 (15-16), 

1637 (2010) 

83. Vasilescu Hyun Jee Kim, Ji EunLee and Shim Sung Lee, Coord. Chem. Rev., 254, (15-16), 1713 

(2010) 

84. Elichiro Ochiai, Coord. Chem. Rev., 254(15-16), 1812 (2010) 

85. Jayabalakrishnan C., Karvembu R. and Natarajan K., Catalytic and antimicrobial activities of new 

ruthenium (II) unsymmetrical Schiff base complexes, Transition Metal Chemistry, 27(7), 790-794 

(2002) 

86. Mary F., Marzin C., Salhi S. and Tarrago G., Ruthenium (II) complexes of a new tetrapyrazolic 

macrocycle, Supramolecular Chemistry, 3(1), 57-61 (1993) 

87. Whittle B., Batten S.R., Jeffery J.C., Rees L.H. and Ward M.D., Ruthenium (II) complexes of some 

new polynucleating ligands incorporating terpyridyl and macrocyclic aza-crown binding sites, J. 

Chem. Soc., Dalton Trans., 22, 4249-4255 (1996) 

88. Athappan P. and Rajagopal G., Ruthenium (II)/(III) and oxovanadium (IV) complexes of highly 

conjugated β-diketones and their macrocyclic Schiff base binuclear copper (II) complexes. Transition 

Metal Chemistry, 22(2), 167-171 (1997) 

89. Tfouni E., Ferreira K.Q., Doro F.G., da Silva R.S. and da Rocha Z.N., Ru (II) and Ru (III) complexes 

with cyclam and related species, Coord. Chem. Rev., 249(3-4), 405-418 (2005)  

90. Doro F.G., Ferreira K.Q., da Rocha Z.N., Caramori G.F., Gomes A.J. and Tfouni E., The versatile 

ruthenium (II/III) tetraazamacrocycle complexes and their nitrosyl derivatives, Coord. Chem. Rev., 

306, 652-677 (2016) 

91. Shanker K.R., Reddy P. and Ravinder V., Tetraaza macrocyclic ruthenium (II) complexes: Synthesis, 

spectral and catalytic studies, Int. J. Chem. Tech. Res., 1, 300-307 (2009) 

92. Walker D.D. and Taub H., N-Macrocyclic complexes of ruthenium (II) and ruthenium (III). Inorg. 

Chem., 20(9), 2828-2834 (1981) 

93. Wong C.Y., Lee F.W., Che C.M., Cheng Y.F., Phillips D.L. and Zhu N., Spectroscopic studies and 

structures of trans-ruthenium (II) and ruthenium (III) bis (cyanide) complexes supported by a 

tetradentate macrocyclic tertiary amine ligand, Inorg. Chem., 47(22), 10308-10316 (2008) 

94. Reddy P.M., Shanker K., Rohini R. and Ravinder V., Antibacterial active tetraaza macrocyclic 

complexes of Chromium (III) with their spectroscopic approach, Int. J. Chem. Tech. Res., 1, 367-372 

(2009) 

95. A. I Vogel, Elementary Practical Organic Chemistry: Quantitative Organic Analysis, English 

Language Book Society and Longman Group (1971) 

96. A.I. Vogel, A Textbook of Practical Organic Chemistry, ELBS and Longman: London (1991) 

97. Evans I. P., Spencer A.  and Wilkinson G., J. Chem. Soc. Dalton Trans, 204, (1973) 

98. Srivastava S., Appl. Spectro. Rev., 22, 401 (1986) 

99. Srivastava S., Photoelectron Spectroscopy and Metal Complexes, Pravalika Publications, Allahabad 

(2014) 

100. Greary W.L., Coord. Chem. Rev., 13, 47 (1971) 

101. Shakir M., Nasman O.S.  and Varkey S.P., Polyhedron 15(2), 309 (1996) 

102. B. P. Lever, Inorganic Electronic Spectroscopic, 2nd ed. Elsevier, New York (1984) 

http://www.jetir.org/

