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The study of exchange coupled dicopper complexes have been in focus due to their 

relevance with type 3 active site in copper proteins such as catechol oxidase, 

tyrosinase etc.1 The detailed study of their magnetic properties have indicated that 

the spin exchange between the paramagnetic copper(II) centers is influenced by the 

nature of the ligand backbone, metal ions and auxiliary part of the ligands i.e. the 

atoms or groups of atoms which are not directly attached to the co-ordination sphere 

of the metal ion in the ligand backbone.2 The denticity of ligands, steric and 

electronic factors affect the chemistry of particular metal ions.3–7   

Catechol oxidase (CO), containing antiferromagnetically coupled dinuclear 

copper(II) centres separated at distance of 2.9Å and linked by hydroxide bridge in 

the met form,4 serves as oxygenase or dioxygen activation protein.8,9 Therefore, 

dinuclear copper complexes, mimicking type 3 copper proteins with all salient 

features, are considered of interest to elucidate the functional mechanism of the 

native enzyme and to develop bio-mimetic catalytic systems. They selectively 

catalyze oxidation of catechols to their corresponding o-benzoquinones.1,10–17 The 

bio-mimicking catechol oxidase  dicopper(II) complexes, the most explored till date, 

include those of Schiff bases ligands.18–24 The activity of the complexes depends on 

both internal factors such as Cu---Cu bond distance, flexibility of ligands, electronic 

factor and coordination environment around the metal ions as well as external factors 

such as solvent, pH of the medium and nature of the substrate. The extensive studies 

on the synthetic mimics of active site of catechol oxidase in recent years reveal the 

fact that these mimic systems must possess some structural features similar to the 

native enzyme, including the presence of hydroxides bridge and two proximal 

copper(II) ions held at an optimum distance of ~3Å as can be obtained by using End-

off compartmental ligands.24–40 Kitajima et al41–44 demonstrated that the 

antiferromagnetic coupling between copper centers was a common feature that was 

maintained extensively in the synthetic models for dioxygen binding proteins. 

Several reports for the synthesis of similar synthetic mimics for SOD mimic activity 

have appeared in the literature.45–69 Devereux et al70–72 assayed the SOD like activity 

using modified NBT assay with xanthine-xanthine oxidase system as source of 

superoxide. Potapov et al73 assayed the SOD mimic like activity using NADH-PMS-
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NBT assay of bipyridyl containing mixed ligand complexes. They all have 

demonstrated high SOD-like activity and hence considered as promising class of 

SOD mimetics with therapeutic potential. 

It was thought of interest to vary the auxiliary part of the ligands in a systematic 

manner and examine its effect on the activity of the dicopper complexes. With this 

intention, dicopper(II) complexes, [Cu2(L4)(OH)(NO3)2](NO3)2·2H2O, 

[Cu2L5(OH)(ClO4)]ClO4, [Cu2L6(OH)(ClO4)]ClO4, [Cu2L7(OH)(OAc)]OAc and 

[Cu2(L8)2](ClO4)2 of compartmental Schiff base ligands, L4-L7, formed by 

condensation between 2,6-diacetyl-4-methylphenol and nitrogen rich amines viz. N-

aminoethyl piperazine, N-aminoethyl morpholine, N-aminoethyl pyrrolidine, 2-

picoyl amine and tryptamine have been synthesized as depicted in Scheme 3.1.1.  

 

Scheme 3.1.1 Diagrammatic representation of synthesis of ligands and its 

copper(II)complexes 

The architecture of these newly synthesized complexes was largely influenced by 

the R group present in the ligand backbone which is actually the “auxillary part” of 

the ligand. Piperazine, morpholine and pyrrolidine are related cyclic aliphatic 



131 

 

moieties with a variation in the presence of distal N, O or C atoms affecting the 

overall electron density. Similarly, picolyl amine and tryptamine provide pyridyl and 

indole as aromatic auxiliary groups. The complexes have an endogenous phenoxo- 

and another exogenous bridging group.  

Catecholase activity of all the complexes was studied using 3,5-di-tert-butyl catechol 

(3,5-DTBC), 4-methyl catechol, dopamine, pyrocatechol and 2,3-

dihydroxynaphthalene as model substrate. Ascorbate oxidase activity of all 

complexes was studied using ascorbic acid as substrate in acetate buffer (pH 5.5). 

Superoxide dismutase activity of all complexes were studied by NBT-NADH-PMS 

assay using phosphate buffer (pH 7.8). Solution phase magnetic behaviour of the 

complexes has been investigated by ESR studies. All these observations have been 

mentioned herein. (Figure 3.1.1) 

 

Figure 3.1.1 Diagrammatic representation of synthesis and activities of binuclear 

complexes 

3.2.1 Reagents and materials 

p-Cresol, acetyl chloride, nitrobenzene, sodium acetate and copper nitrate trihydrate 

were procured from Merck. Anhydrous AlCl3, methanol and dimethyl sulfoxide 

were procured from Spectrochem. N-aminoethyl piperazine was procured from Alfa 

Aesar. N-aminoethyl morpholine and N-aminoethyl pyrrolidine were procured from 

TCI chemicals. Tryptamine, 2-picoyl amine, copper perchlorate hexahydrate, 3,5-

DTBC, 4-methyl catechol, Dopamine, pyrocatechol, 2,3-dihydroxy naphthalene 

were purchased from Sigma Aldrich. Potassium iodide and ammonium molybdate 

were purchased from Loba Chem. β-NADH, phenazine methosulphate (PMS), 

nitroblue tetrazolium (NBT), acetic acid, sodium dihydrogen phosphate 

monohydrate and dibasic sodium phosphate (anhydrous) were purchased from SRL 
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chemicals. All other chemicals used were of AR grade and were used as received. 

For spectroscopic studies, spectroscopic grade solvents were used. The solvents 

were distilled prior to use and dried according to standard procedure wherever 

necessary.  

3.2.2 Synthesis of binucleating ligands 

3.2.2.1 Synthesis of 2,6-diacetyl-4-methylphenol (dac) 

2,6-Diacetyl-4-methylphenol (dac) was synthesized starting from p-cresol and 

following a literature procedure74: In a 500 ml two-necked flask fitted with a reflux 

condenser and a pressure equalizing addition funnel, anhyd. AlC13 (200 g, 1.5 mol) 

was dissolved in dry nitrobenzene (300 ml) by stirring. To the resulting solution was 

added freshly distilled p-cresol (27 g, 0.25 mol). The reaction vessel was then placed 

in an ice-water bath to adjust the temperature to ca. 15 °C and acetyl chloride (60 g, 

0.75 mol) was added dropwise over a period of 1.5 h. After the addition of acetyl 

chloride, the bath temperature was slowly raised to 60 °C, over 3h, and the reaction 

was continued at 60 °C for a further 3 h period. The reaction container was then 

cooled by surrounding it with crushed ice and ice-cooled HCl (400 ml, 6 mol dm-3) 

was slowly added (CAUTION: brisk evolution of HCl gas occurred at this stage). 

When about 100 ml of the acid was added the reaction mixture became highly 

viscous due to the separation of an aluminum complex. The speed of the stirrer was 

increased, and with the addition of more acid a thin slurry resulted. After the 

complete addition of the acid solution the contents of the flask were transferred to a 

separating funnel and allowed to stand overnight. The organic layer thus separated 

was collected and steam distilled to remove nitrobenzene and some 2-hydroxy-5-

methylacetophenone which formed. The brown solid which remained was extracted 

with chloroform and dried over Na2SO4. The chloroform solution, after treatment 

with activated charcoal, was allowed to crystallize at ambient temperature by slow 

evaporation. The needle-shaped crystals which separated were collected by filtration 

and recrystallized from light petroleum (b.p. 60-80 °C). Yield= 20 g; m.p. 82 °C. 

3.2.2.2 Synthesis of 1-(3-(1-((2-(1H-indol-3-yl)ethyl)imino)ethyl)-2-hydroxy-5-

methylphenyl)ethan-1-one (L8) 

4-Methyl-2,6-diacetylphenol (0.192 g, 1 mmol) was dissolved in methanol (10 ml) 

and tryptamine (0.320g, 2 mmol) dissolved in methanol (5 ml) was added to it. The 

mixture was allowed to reflux for 1 h. The reaction was monitored by TLC. At the 



133 

 

end of 1 h, a single spot for the product appeared on TLC. The reaction mixture was 

concentrated to about 10 ml and cooled to obtain yellow colour microcrystalline 

solid. The product was filtered and washed with cold methanol to remove the traces 

of any soluble impurities. No purification method was employed as single spot was 

obtained on TLC plate. Yield: 0.180g (53.89%). Solubility: Chloroform, DMSO, 

DMF. M.P.: 156-158°C. 

3.2.3 Synthesis of binuclear copper(II) complexes 

Caution: In general, perchlorate salts of metal complexes in organic liquids are 

potentially explosive. While none of the present perchlorate complexes has been 

proved to be shock sensitive, care is recommended while working with perchlorate 

salts. 

The following general template synthetic route was adopted for preparing the 

complex. A methanolic solution of copper(II) nitrate trihydrate or copper(II) 

perchlorate hexahydrate or copper(II) acetate monohydrate was added to the ligand 

solution formed in situ via condensation between 4-methyl-2,6-diacetyl phenol and 

various amines such as N-aminoethyl piperazine, N-aminoethyl morpholine, N-

aminoethyl pyrrolidine, 2-picoyl amine and tryptamine maintaining the appropriate 

molar ratio. The preparation, composition, and other physicochemical characteristics 

of the complex are given below. 

3.2.3.1 Synthesis of [Cu2(L4)(OH)(NO3)2]2NO3·2H2O (C4) 

A methanolic solution (5ml) of N-aminoethyl piperazine (0.258g, 2mmol) was 

added dropwise to a hot methanolic solution (10ml) of 2,6-diacetyl-4-methyl phenol 

(0.192g, 1mmol) and the resulting mixture was allowed to reflux for half an hour. A 

methanolic solution (15ml) of Cu(NO3)2·3H2O (0.604g, 2.5mmol) was added to 

ligand solution and the resulting solution was allowed to reflux for 2 hrs. A green 

coloured microcrystalline solid precipitated after 1 hrs of stirring. The product was 

collected by filtration. It was washed several times with cold methanol to remove 

the traces of amines and dac precursor. Suitable crystal for X-ray diffraction was 

obtained by recrystallization from methanolic solution of complex after 10-12 days. 

Yield: 0.270g (30.04 %). Solubility: Methanol, DMSO, DMF. 
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3.2.3.2 Synthesis of [Cu2(L5)(OH)(ClO4)]ClO4 (C5) 

Complex C5 was prepared by adopting the same procedure as used for C4 by using 

dac (0.162g, 0.84mmol) and N-aminoethyl morpholine (0.2192g, 1.68mmol) instead 

of N-aminoethyl piperazine. After half an hour, a methanolic solution (15ml) of 

Cu(ClO4)2·6H2O (0.780g, 2.1mmol) was added to ligand solution and the resulting 

solution was stirred for 3 hrs. A dark olive-green coloured microcrystalline solid 

precipitated after 1 hrs of stirring. The product was collected by filtration. It was 

washed several times with cold methanol to remove any traces of amines and dac 

precursor remaining unreacted. Yield: 0.277g (36.54 %). Solubility: Methanol, 

DMSO, DMF. 

3.2.3.3 Synthesis of [Cu2(L6)(OH)(ClO4)]ClO4 (C6) 

Complex C6 was prepared by adopting the same procedure as used for C4 by using 

dac (0.192g, 1mmol) and N-aminoethyl pyrrolidine (0.228g, 2mmol) instead of N-

aminoethyl piperazine. After half an hour, a methanolic solution (15ml) of 

Cu(ClO4)2·6H2O (0.926g, 2.5mmol) was added to ligand solution and the resulting 

solution was allowed to stir for 3 hrs. The resultant green coloured solution was 

filtered and kept for crystallization. Dark green coloured crystals suitable for X-ray 

diffraction were obtained after a week. Yield: 0.2550g (35.12%). Solubility: 

Methanol, DMSO, DMF. 

3.2.3.4 Synthesis of [Cu2(L7)(OH)(OAc)]OAc (C7) 

Complex C7 was prepared by adopting the same procedure as used for C4 by using 

dac and 2-picoyl amine (0.21628g, 2mmol) instead of N-aminoethyl piperazine. 

After half an hour, a methanolic solution (15ml) of Cu(OAc)2·H2O (0.499g, 

2.5mmol) was added to ligand solution and the resulting solution was allowed to 

reflux for 3 hrs. A dark green coloured microcrystalline solid precipitated after 1 hrs 

of stirring. The product was collected by filtration. It was washed several times with 

cold methanol to remove the traces of any impurities or unreacted materials.  Yield: 

0.2994g (47.30 %). Solubility: DMSO, DMF. 

3.2.3.5 Synthesis of [Cu2(L8)(ClO4)2] (C8) 

A methanolic solution (5ml) of tryptamine (0.3204g, 2mmol) was added dropwise 

to a hot methanolic solution (10ml) of 2,6-diacetyl-4-methyl phenol (0.192g, 

1mmol) and the resulting mixture was refluxed for one hour. Yellow coloured 



135 

 

microcrystalline solid precipitated out. A methanolic solution (15ml) of 

Cu(ClO4)2·6H2O (0.741g, 2mmol) was added to the ligand solution and the resulting 

solution was allowed to reflux for 3 hrs. Addition of triethylamine (0.202, 2mmol) 

led to color change from green to olive green. A green coloured microcrystalline 

solid precipitated out after 1 hrs of stirring. The product was collected by filtration. 

It was washed several times with cold methanol to remove the traces of amines and 

dac precursor. Yield: 0.580g (58.53 %). Solubility: Chloroform, Dichloromethane, 

DMSO, DMF. 

3.2.4 SOD mimic activity 

The superoxide dismutase (SOD) activity was measured by using non-enzymatic 

method (NADH-PMS-NBT assay) (Scheme 2.2.4.1)62,68,69,73 as explained in section 

2.2.4 of chapter 2. 

3.2.5 Ascorbic Acid Oxidase (AAO) activity 

Ascorbic Acid Oxidase (AAO) activity of all synthesized complexes has been 

evaluated by kinetic studies with ascorbic acid as substrate wherein three different 

parameters such as substrate concentration, catalyst concentration and temperature 

have been varied. The ascorbate oxidase activity of all five complexes was studied 

by treating 1 x 10-6 M complex solution with 1 x 10-4 M ascorbic acid solution under 

aerobic conditions at 30°C. For variation in the substrate concentration, solutions of 

ascorbic acid of concentration ranging from 0.2-1.8 x 10-4 M were prepared from a 

5 x 10-2 M stock solution. The dependence of the initial rate on the concentration of 

the ascorbic acid was monitored by UV-Vis spectroscopy by maintaining the catalyst 

concentration (0.002mM for C4 and C6, 0.004mM for C7 & 0.001mM for C5 and 

C8) for each set. The catalyst concentration was varied for different complexes by 

maintaining constant substrate concentration 1 x 10-4 M. The time dependent 

wavelength scan was recorded in acetate buffer medium (pH 5.5) to understand the 

potential of all complexes as catalyst towards the oxidation of ascorbic acid. The 

initial rate method was used for determining the rates. The reaction rates, activation 

energy and order of reaction were calculated as explained in section 2.2.5 of chapter 

2. 
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3.2.6 Catecholase activity 

Catecholase activity of all synthesized complexes has been evaluated by kinetic 

studies wherein three different parameters such as substrate concentration, catalyst 

concentration and temperature have been varied. The catecholase activity of all five 

complexes was studied by treating 1 x 10-4 M complex solution with 1 x 10-2 M of 

3,5-di-tert-butylcatechol (3,5-DTBC) and 1 x 10-2 M of 4-methyl catechol solution 

under aerobic conditions at 30°C. The time dependent wavelength scan was recorded 

in methanol to understand the potential of all complexes as catalyst towards the 

oxidation of catechol derivatives.  

The initial rate method was used to calculate the kinetic parameters. Substrate 

solutions of concentrations ranging from 0.1 x 10-2 M to 1 x 10-2 M were prepared 

from a 5 x 10-2 M solution.  The dependence of the initial rate on the concentration 

of the ascorbic was monitored by UV-Vis spectroscopy by maintaining the catalyst 

concentration (1 x 10-4 M) for each set. The catalyst concentration ranging from 20 

x 10-6 to 100 x 10-6 M was varied for different complexes by maintaining constant 

substrate concentration 1 x 10-2 M. The reaction rates, activation energy and order 

of reaction were calculated as explained in section 2.2.6 of chapter 2. 

3.2.7 Physical Measurements 

3.2.7.1 Infrared studies 

Infrared Spectra (4000 - 400 cm-1) were recorded in the form of KBr pellets at 27oC 

using Bruker Alpha Transmission FT-IR spectrometer. The solid sample was ground 

together with anhydrous KBr using mortar pestle and the pellet so formed was 

subjected to FT-IR analysis.  

3.2.7.2 NMR studies 

The 1H spectra of synthesized ligand were recorded on Bruker Avance (400 MHz) 

NMR spectrometer in CDCl3.  

3.2.7.3 Mass studies 

ESI-Mass of all complexes were recorded using XEVO G2-XS QTOF mass 

spectrometer from IIT Ropar.  
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3.2.7.4 Electronic studies 

Electronic spectra (200–900 nm) were recorded in methanolic and aqueous solutions 

using PerkinElmer UV-Vis spectrophotometer Model Lamda 35. 

3.2.4.5 Photoluminescence studies 

The emission spectra of all synthesized ligands and complexes were recorded on FP-

6300 spectrofluorophotometer. 

3.2.7.6 Elemental Analysis 

Elemental analysis of synthesized complexes was recorded using EuroVector EA 

300 from SAIF CDRI Lucknow. 

3.2.7.7 ESR studies 

ESR spectra of all complexes were recorded using ESR JEOL model: JES - FA200 

ESR Spectrometer in solid at RT and solution phase at LNT using X- band frequency 

with 9.45 GHz.  

3.2.7.8 Single Crystal X-ray Diffraction 

Single crystal diffraction data for complex C4 was collected on an Xcalibur, EOS, 

Gemini four circle diffractometer with CCD plate detector using graphite 

monochromatic Cu Kα radiation (1.54184 Å). Absorption correction of multiscan 

type was applied and the data was processed using CrysAlisPro, Agilent 

Technologies, Version 1.171.37.33. Empirical absorption corrections were applied 

to the complex using spherical harmonics, implemented in SCALE3 ABSPACK 

scaling algorithm. The crystal was kept at 293(2) K during data collection. The cell 

refinement, data collection and reduction were computed by CrysAlisPro, Agilent 

Technologies, Version 1.171.37.33.  

Single crystal diffraction data for complex C6 was collected on Bruker APEX-II 

CCD diffractometer (CIF IISER Bhopal).  

Using Olex275, the structure was solved by Direct Methods with SHELXS76,77 

structure solution program and refined by full matrix least squares method based on 

F2 with all observed reflections with the SHELXL76,77 refinement package. Graphics 

were generated using MERCURY (version 4.3.1).  All non-hydrogen atoms were 

refined with anisotropic thermal parameters. The hydrogen atoms attached to carbon 

were constrained to ‘ride’ on the atom attached to it. In all the cases, non-hydrogen 
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atoms were treated anisotropically. Whenever possible, the hydrogen atoms were 

refined by locating on a difference Fourier map. In other cases, hydrogen atoms were 

geometrically fixed. 

3.2.7.9 Molecular Modelling studies 

The complexes have been theoretically modelled by using GAUSSIAN 16 software 

program78. Molecular geometries of the ground state of the complexes were 

optimized by using B3LYP method79 with 6-31G and LANL2DZ basis set80,81. 

Frontier molecular orbitals HOMO (highest occupied molecular orbital) and LUMO 

(lowest unoccupied molecular orbital) in the optimized structures of the molecule 

are visualized in Gauss View Gauss View 682 and their energy has been calculated. 

3.3.1 Characterization of dac and L8
 

2,6-Diacetyl-4-methylphenol (dac): The chemical shift values, splitting and 

integration of signals observed in the 1H NMR of the molecule are consistent with 

its structure. They are as follows: (δ ppm in CDCl3): 2.351 (s, 3H, -CH3), 2.697 (s, 

6H, -COCH3), 7.804 (s, 2H, aromatic H), 13.153 (s, 1H, -OH) (see SI†: Fig. S3.1). 

The ligands (L4-L7) were synthesized and used in situ for the synthesis of the 

complexes, they were not isolated. Only L8 was isolated and spectroscopically 

characterized. 

Characterization of L8:  

In the 1H NMR spectrum of L8, all observed chemical shift values, their splitting and 

integration is in agreement with the structure of the molecule intended to be 

synthesized as shown in Scheme 3.1.1. These values are as follows: (δ ppm in 

CDCl3): 8.155 (s, 1H, NH of indole ring), 7.721 (d, 1H, indole ring), 7.660 (s, 1H, 

aromatic ring near C=O), 7.395 (s, 1H, aromatic ring near C=N), 7.45(d, 1H, indole 

ring), 7.120 (d, 1H, indole ring), 7.256 (dt, 1H, indole ring), 7.160 (dt, 1H, indole 

ring), 3.933 (t, 2H, methylene protons attached to C=N), 3.282 (m, 2H, methylene 

protons attached to indole ring), 2.761 (S, 3H. CH3-C=O), 2.278 (s, 3H, CH3-C=N), 

2.213 (s, 3H, CH3) (see SI†: Fig. S3.2). 

The IR spectrum of ligand L8 consist of all important bands as excepted for the 

molecule. The νC=N stretching frequency of ligand L8 appears at 1644 cm-1. The N-

H stretching frequency of indole in the free ligand appears at 3315.78 cm-1. A band 
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appears at around 1726.58 cm-1 corresponding to -C=O of acetyl group which 

confirms that imine condensation (1:1) has occurred at one acetyl position and other 

acetyl group was free. The medium/strong band due to =C-H bending vibrations of 

indole ring have been observed at approx. 682 cm-1 for the ligand L8 (see SI† Fig. 

S3.3).   

In the mass spectrum of ligand L8, a peak is observed at m/z= 345. corresponding to 

[M+H]+
 where M= molecular weight of L8= 334. (See SI† Fig. 3.4) 

The electronic absorption spectrum of ligand L8, Both π-π* and n-π* transitions are 

observed around 233nm, 264nm and 367nm, 423nm, respectively (Figure 

3.3.2.4.1). The ligand is fluorescent. When a solution of ligand L8 was excited at 

425nm, an emission band was observed in the emission spectra at λmax = 512nm 

(Figure 3.3.2.5.1).  

3.3.2 Characterization of complexes 

3.3.2.1 Elemental analysis 

The complexes, C4-C8, were characterized by elemental analysis as recorded in 

table 3.3.2.1.1 (Values in parenthesis are calculated values) 

Table 3.3.2.1.1 Elemental analysis of complexes(C4-C8) 

Complex Empirical Formula (M.W.) %C %H %N 

C4   
Cu2C23H40O14N10.2H2O 

(M.W.= 843) 
32.279 

(32.74) 

5.201 

(5.22) 

16.878 

(16.61) 

C5   

Cu2C23H36O12N4Cl2 

(M.W.=758) 
36.354 

(36.412) 

4.924 

(4.749) 

7.538 

(7.388) 

C6  
Cu2C23H36O10N4Cl2 

(M.W.=726) 
38.403 

(38.016) 

4.880 

(4.958) 

7.526 

(7.713) 

C7  

 

Cu2C27H30O6N4 

(M.W.=633) 
51.185 

(51.185) 

4.540 

(4.739) 

8.626 

(8.847) 

C8  

 

Cu2C42H42O12N4Cl2 

(M.W.=991) 
50.593 

(50.857) 

4.380 

(4.238) 

5.426 

(5.650) 

* Values in parenthesis are calculated from the empirical formula given in column 2 of the 

table. 

3.3.2.2 IR spectra 

In the IR spectra of the complexes C4-C8, νC=N appears at ~1610-1665 cm-1 (see 

SI†: Fig S3.5-3.9) (Table 3.3.2.2.1). The νC=N stretching in complex C8 has 

shifted to a lower frequency as compared to that in the free ligand L8 clearly 

indicating the participation of imine N in coordination with copper ion. The N-H 

stretching frequency of indole in the free ligand appears at 3315.78 cm-1while that 
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in the complex C8 appears at 3374.32 cm-1. A band appears at ~1726.58 cm-1 

corresponding to -C=O of acetyl group in free ligand L8 while that in complex C8 

appears at 1727.21 cm-1. The peak at 3400-3530 cm-1 corresponds to the νO-H of 

coordinated or uncoordinated water in complexes (C4-C6). In the IR spectrum of 

complex C4, two strong bands at 1384.10 and 1357.24 cm-1due to the asymmetric 

stretching vibrations in nitrate are observed, indicating that nitrate is coordinated to 

copper(II) ion. In the IR spectra of complexes C5, C6 and C8, two strong bands at 

1110-1060 cm-1 due to the symmetric stretching frequency of perchlorate while two 

strong bands at 1285-1250 cm-1 due to the perchlorate asymmetric stretching 

vibrations have been observed. This observation suggests monodentate coordination 

of perchlorate anion to the metal ion. 

Table 3.3.2.2.1 IR frequencies of ligand (L8) and complexes (C4-C8) 

Complex 
ν C=N  

(cm-1) 

ν C=O 

 (cm-1) 

ν N-H 

 (cm-1) 

ν O-H  

of water 

 (cm-1) 

ν ClO4 (cm-1)  

or ν NO3 (cm-1) 

C4 1612.58 - - 3444.33 
1384.10, 1357.24 

(νasymNO3) 

C5 1617.46 - - 
 

3520.99 

1086.89,1060.63 

(νsymClO4) 

1281.32,1257.52 

(νasymClO4)
 

C6 1620.48 - - 3506.14 

1108.63,1090.09 

(νsymClO4) 

1280.92,1258.16 

(νasymClO4) 

C7 1661.22 - - - - 

L8
 

C8 

 

1644.69 

1617.59 

 

1726.58 

1727.21 

 

3315.78 

3374.32 

 

- 

- 

- 

1108.09, 1106 

(νsymClO4) 

1270.58,1255.65 

(νasymClO4) 

3.3.2.3 Mass spectra 

The mass spectra of complexes ,C4-C8, are(see SI† Fig. 3.10-3.14). In the mass 

spectrum of complex C4, a peak is observed at m/z= 619.1371 and 621.1356 

corresponding to [Cu2L4(OH)(NO3)]+. The peak observed at m/z= 415.3238 

corresponds to [L4]2+. The peak observed at m/z= 638.1259 and 701.5038 

corresponds to [Cu2L4(OH)(NO3) (H2O)]+ and [Cu2L4(OH)(NO3)2(H2O)+H+]+, 

respectively (see SI† Fig. 3.10).  

In the mass spectrum of complex C5, a peak is observed at m/z= 279.0700 

corresponds to  the molecular ion [Cu2L5(OH)]2+. Another peak is observed at m/z= 
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578.1654 corresponding to [CuL5(ClO4)+H+]+ and [Cu2L5(OH)2]+. The fragment 

[CuL5+H+]2+ appears to be the most stable fragment and appears at   m/z= 239.6086 

with highest abundance (see SI† Fig. 3.11).  

In the mass spectrum of complex C6, peaks observed at m/z = 750.4188 and 

752.4186 754.4713 can be assigned to the isotopic masses of 

[[Cu2L6(OH)(ClO4)2]1.5H2O+H+]+ (M.W.= 751) (A water molecule shared between 

two molecules). A peak is observed at 273.2004 corresponds to [Cu2L6(OH)(H2O)]2+ 

(M.W.=272). A peak observed at 193.0892 corresponds to [L6+2H+]+2. Some more 

fragments of the complex observed in the mass spectrum correspond to [CuL6]+ (FW 

= 446) at 446.0857, [CuL6(ClO4)+H+] (FW = 546) at `546.1749 and [CuL6+H+]2+ 

(223.5) at 223, 224, 225 (see SI† Fig. 3.12). 

In the mass spectrum of complex C7, the peaks observed at m/z= 347.0637, 

346.0615 and 344.0627 correspond to the isotopic masses of two complex ions 

formed by capturing H+ ions under electrospray mass ionization conditions, 

[Cu2L7(CH3COO)3(H2O)+2H+]2+ (FW = 347) or 

[Cu2L7(CH3COO)2(H2O)4+H+]2+(FW = 344). Another group of intense peaks 

observed at m/z= 422.0729, 424.0764 and 425.0794 can be assigned to a stable 

fragment formed by association of CuO with the earlier molecular ion under mass 

ionization conditions (see SI† Fig. 3.13).  

In the mass spectrum of complex C8, peaks corresponding to the most stable 

fragments, [Cu2L8(H2O)]+  (477) and [L8+H+]+ (335) are observed at m/z= 477.2727 

and 335.1816, respectively (see SI† Fig. 3.14). 

3.3.2.4 Electronic spectra 

The electronic absorption spectra of all complexes have a charge transfer band 

appearing at λmax = 360 - 400 nm which may be assigned to MLCT transition. All 

complexes have a weak ligand field band in the range of 600-700nm in the visible 

region which is characteristic of axially distorted geometry around copper centers. 

The intra-ligand transitions for all complexes appear between 200-300nm. 
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Figure 3.3.2.4.1 Electronic spectra of (a) C4-C7 and (b) L8 & C8 

The intense higher energy band in the range of 200-300 nm is due to intra ligand π-

π* and in case of ligands in the range of 300-460nm is due to n-π* transitions (Figure 

3.3.2.4.1).  

Table 3.3.2.4.1 Electronic spectra of ligand (L8) and complexes (C4-C8) 

Complexes 

λmax/nm (εmax/dm3mol-1cm-1) 

Intra-ligand transitions 
Charge 

transfer 

d-d 

transitions 

C4 235(51675), 252(34750) 370(10275) 629 (230) 

C5 234(53475), 252(34750) 370(11400) 625(270) 

C6 229(51250), 253(34345) 369(9375)  618 (213) 

C7 230(48525), 257(25350) 395 (8258) 623 (189) 

L8
 

C8 

231(44278), 262(14775), 364(3975), 

424(7350) 

233(54000), 262(29625) 

- 

375(8025) 

- 

684(342) 

The transition 2T2g ← 2Eg in a d9 system in octahedral geometry, usually takes place 

between 600 and 800 nm. On distortion to distorted octahedral or square pyramidal 

or trigonal bipyramidal or square planar structure, this band undergoes a significant 

shift and broadening due to splitting of the spectral states and multiple transitions 

merging to form a broad band.83 Electronic spectra of all synthesized ligands and 

complexes have been tabulated in tabular form (Table 3.3.2.4.1). 
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3.3.2.5 Photoluminescence spectra 

The complexes C4-C7 are not fluorescent. However, the ligand L8 and complex C8, 

both emit fluorescent radiation when excited. The emission band was observed at 

512nm when a solution of ligand L8 was excited at λmax = 425nm. In a solution of 

the complex C8, the  emission band was observed at 510 nm when it was excited at 

λmax = 375nm with lower  fluorescence intensity (Figure 3.3.2.5.1). Thus different 

excited states are involved in the luminescence phenomenon in L8 and C8.  

 

Figure 3.3.2.5.1 Emission spectra of (a) C4-C7 (b) L8 and C8 

3.3.2.6 Crystal structure of complex C4 and C6 

Green plate like crystals was obtained by slow evaporation of the methanolic 

solution of complex C4 for few days. The crystal structure of complex C4 was 

determined and is shown in figure 3.3.2.6.1. The crystal data and structure 

refinement parameters of complex C4 are given in table 3.3.2.6.1. Bond distances 

and bond angles relevant to metal coordination sphere of complex C4 are given in 

Table 3.3.2.6.2. The stereochemistry around each copper(II) center is best described 

as distorted octahedral and distorted square pyramidal geometry in complex C4. In 

complex C6, each copper atom has a distorted square pyramidal geometry.  

The ligands L4 and L6 are coordinated to the metal ions through imine- and amino-

nitrogen donors of piperazine and pyrrolidine rings in C4 and C6, respectively.  The 

bridging phenoxido and hydroxide oxygen atoms occupy the equatorial positions 

along with these coordinated N atoms of the ligands. The Cu-O (phenoxo) distances 

Cu1-O1 and Cu2-O1 are 1.948(10) and 1.917(9) Å, respectively, in complex C4 

where as in complex C6, the Cu-O (phenoxo) distances Cu1-O1 and Cu2-O1 are 
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1.944(3) and 1.952(4) Å, respectively, which shows that the bridging by phenolic 

oxygens is almost symmetrical. 

 

Figure 3.3.2.6.1 ORTEP representation (30% ellipsoid probability) of (a) complex C4 and 

(b) complex C6 

The basal Cu-O distances are comparable in lengths, showing shorter value for the 

hydoxido oxygen (Cu1-O2=1.902(3) and Cu2-O2=1.906(3)). On the other hand, the 

Cu-N(imino) bond distance is significantly shorter than that involving the amino 

nitrogen of the heterocyclic ring indicating the involvement of imine N in π-bonding 

with the metal ion. (Table 3.3.2.6.2). The apical coordination positions in C4 are 

occupied by oxygen of nitrate O3 at Cu1 and oxygen of nitrate O4 & O5 at Cu2. 

One nitrate is bridged between the two copper ions whereas one nitrate is 

coordinated to one copper ion in monodentate fashion. In complex C6, the apical 

position is occupied by oxygen of perchlorate on both copper atoms, i.e. one 

perchlorate is forming a bridge between the two metal ion and one is occupying the 

lattice position for affecting charge neutrality. The Cu1-O1-Cu-O2 bond angle is 

96.49(12) whereas that of Cu1-O2-Cu2 bridged by hydroxide group is slightly larger 

(99.52(12)) leading to a Cu1⋅⋅⋅Cu2 non-bonding distance between the two metal ions 

of 2.906(3) Å in C4. Piperazine moieties attain a more stable chair conformation and 

the uncoordinated amine nitrogen are protonated to attain electrical charge neutrality 

of the system. 
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Table 3.3.2.6.1 Crystal data and structure refinement for complex C4 and C6 

Identification code  C4 C6 

Empirical formula  C23H47Cu2N10O16 Cu2C23H36N4O10Cl2 

Formula weight  846.78 726.54 

Temperature/K  293(2)  293(2)  

Crystal system  triclinic triclinic 

Space group  P-1 P-1 

a/Å  9.049(3)  8.823(14)  

b/Å  9.346(3) 10.664(14)  

c/Å  20.281(5) 15.34(2)  

α/°  88.41(2) 87.23(4)  

β/°  83.32(2) 76.11(6) 

γ/°  81.41(2) 88.09(5) 

Volume/Å3  1684.3(8) 1399(4)  

Z  1 28 

ρcalcg/cm3  0.835  24.150 

μ/mm-1  0.675 24.834  

F(000)  441.0 10472.0 

Crystal size/mm3  0.3 × 0.2× 0.02  0.3 × 0.2× 0.02  

Radiation  MoKα (λ = 0.71073)  MoKα (λ = 0.71073)  

2θ range for data 

collection/°  
6.014 to 57.948  3.824 to 56.172  

Index ranges  
-12 ≤ h ≤ 12, -12 ≤ k ≤ 12, 

-25 ≤ l ≤ 27  

-11 ≤ h ≤ 11, -14 ≤ k ≤ 14, 

-20 ≤ l ≤ 20  

Reflections collected  36295 82953  

Independent reflections  
8122 [Rint = 0.7479, Rsigma 

= 0.9815]  

6754 [Rint = 0.1309, Rsigma 

= 0.0539]  

Data/restraints/parameters  8122/0/469  6754/0/373  

Goodness-of-fit on F2  0.842 1.097  

Final R indexes [I>=2σ (I)]  
R1 = 0.1304, wR2 = 

0.2361  
R1 = 0.0435, wR2 = 0.1045  

Final R indexes [all data]  
R1 = 0.4900, wR2 = 

0.4001  
R1 = 0.0644, wR2 = 0.1278 

Largest diff. peak/hole / e 

Å-3  
0.58/-0.66  0.85/-0.68  

The values in the table clearly show that the copper nuclei are coordinated by two 

nitrogen containing groups. Cu1 and Cu2 are coordinated by one imine nitrogen (N1 

for Cu1 and N3 for Cu2) and one piperazine nitrogen (C4) / pyrrolidine nitrogen 

(C6) (N2 for Cu1 and N4 for Cu2). It should be noted that all the Cu–N distances 

fall in the range 1.916–2.055 Å. The N1-Cu1-N3 angle and N2-Cu2-N5 are 85.3(5) 

(for C4) & 85.1(6) (for C6) and 87.18(13) (for C4) & 86.95(14) (for C6). The Cu-O 

distances for coordinated anions, nitrate and perchlorate in C4 and C6, respectively, 

are all longer than 2.4 Å. This is indicative of the fact that these anions are very 

weakly coordinated and can be readily replaced by a substrate during the catalytic 

reactions.  
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Table 3.3.2.6.2 Bond Lengths and Angles related to metal coordination in complex C4 and 

C6 

Atom C4 C6 

Cu1-Cu2 2.868(3) 2.906(3) 

Cu1-O1 1.947(10) 1.944(3) 

Cu1-N1 1.947(12) 1.916(4) 

Cu1-N2 2.057(14) 1.996(3) 

Cu1-O2 1.898(9) 1.902(3) 

Cu1-O3 2.456(15) 2.495(4) 

Cu2-O1 1.917(9) 1.952(4) 

Cu2-N3 1.920(13) 1.931(4) 

Cu2-N4 2.035(12) 2.005(4) 

Cu2-O2 1.908(11) 1.906(3) 

Cu2-O4 2.585(18) 2.432(4) 

Cu2-O5 2.679(14) - 

O1-Cu1-N1 91.2(5) 91.01(13) 

N1-Cu1-N2 85.3(5) 87.18(13) 

N2-Cu1-O2 100.9(5) 101.35(13) 

O2-Cu1-O1 82.8(4) 79.42(12) 

O1-Cu2-N3 91.3(5) 90.85(13) 

N3-Cu2-N4 85.1(6) 86.95(14) 

N4-Cu2-O2 100.3(5) 101.82(13) 

O2-Cu2-O1 83.3(4) 79.13(11) 

O3-Cu1-O1 87.4(5) 89.98(14) 

O4-Cu2-O1 85.3(5) 94.95(12) 

O5-Cu2-O1 80.9(5) - 

Cu1-O1-Cu2 95.8(5) 96.49(12) 

Cu1-O2-Cu2 97.8(5) 99.52(12) 

3.3.2.7 ESR spectra 

The ESR spectra of all complexes were recorded both in powdered at RT and 

solution state at liquid nitrogen temperature (LNT) (Table 3.3.2.7.1).  

Table 3.3.2.7.1 gll, g┴ and All or A┴ values of all complexes 

Complex gll g┴ All or A┴ x 10-4 cm-1 

C4 gz = 2.25 gx = 2.07, gy = 2.08 All = 189, A┴ = 67.8 

C5 3.39 (RT) 2.18 (RT) - 

C6 2.15 2.03 171 

C7 2.23 2.05 187 

C8 2.18 (RT) 2.11 (RT) - 

The ESR spectra of all five complexes typically have axial pattern. The parallel and 

perpendicular components are well resolve. Well resolved hyperfine splitting is 

observed in the ESR spectra of C4, C6 and C7 recorded in the form of frozen 

solutions at 77K.  Four discernible lines are observed corresponding to the coupling 

with copper nucleus with I=3/2 in the gll region (Figure 3.3.2.7.1). The All values 
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are between 170-190 10-4 cm-1 corresponding to normal copper ion with strong 

equatorial field with N2O2 environment.  

 

 

 

Figure 3.3.2.7.1 ESR spectra of complexes at LNT (a) C4(DMSO) (b) C4 (powder)(RT) 

(c) C5 (DMSO) (d) C5 (powder)(RT) (e) C6 (DMSO) (f) C6 (powder)(RT) Contd…. 
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Figure 3.3.2.7.1 (Contd….) ESR spectra of complexes at LNT (g) C7 (DMSO) (h) C7 

(powder)(RT) (i) C8 (DMSO) (j) C8 (powder)(RT) 

3.3.2.8 Molecular Modelling 

Computational studies for understanding the electronic structure of complexes C1-

C3 were performed by optimizing the theoretical geometrical parameters to get 

ground state structures in the gas phase using GAUSSIAN 16 program78,80–82. The 

calculated bond parameters are summarized (see SI in Table. S3.1).  The geometries 

of the complexes were optimized by B3LYP and LANL2DZ basis set (figure 

3.3.2.7.1). Contour plots of HOMO and LUMO and their energy gap ΔEg is shown 

in figure 3.3.2.7.2. These energy gap ΔEg plays an essential role in deciding their 

enzyme mimic and other biological activity84. This energy gap gives an idea about 

the chemical interaction of a molecule with other species. The frontier molecular 

orbitals, LUMO and HOMO acts as electron acceptor and electron donor85, 

respectively. Theoretical transition energy between HOMO and LUMO frontier 

molecular orbitals were calculated by B3LYP and LANL2DZ methods in 



149 

 

complexes C4-C8 and are listed in table 3.3.2.7.1). This ΔEg value reflects upon its 

catalytic activity86,87. The ΔEg value for complex C7 is the lowest which reflects the 

relationship with its SOD mimic activity which is very low as compared to other for 

SOD mimics reported so far86,87. The energy gap (ΔEg) in the complexes follows the 

order: C7 < C8 < C5 < C4 < C6. The graphical representations of ESP in complexes 

C4-C8 are shown in Figure 3.3.2.7.3.  The energy gap (ΔEg), EHOMO and ELUMO 

values are important for the prediction of global reactivity descriptors, which in 

details explains the internal charge transfer, stability and reactivity of the molecule87. 

Global reactivity descriptors such as electronegativity (χ), global hardness (η), 

global electrophilicity (ω) and global softness (σ) are calculated using the formulas 

based on Koopmans theorem88 (equations 2.3 to 2.7 in chapter 2 section 2.3.2.9) 

(Table 3.3.2.7.1).  

Table 3.3.2.7.10 Global reactivity descriptors of complexes in eV calculated by 

DFT/B3LYP/LANL2DZ basis set 

Molecular 

Properties 

Mathematical 

Description 
C4 C5 C6 C7 C8 

EHOMO 
Energy of 

HOMO 
-

11.0508 
-5.6409 -5.5081 -7.5286 -5.5661 

ELUMO 
Energy of 

LUMO 
-9.4919 -4.1810 -3.8942 -6.2992 -4.3190 

Energy gap 
ΔEg = ELUMO - 

EHOMO 
1.5589 1.4599 1.6139 1.2294 1.2471 

Ionization 

potential (IP) 
IP = -EHOMO 11.0508 5.6409 5.5081 7.5286 5.5661 

Electron Affinity 

(EA) 
EA= -ELUMO 9.4919 4.1810 3.8942 6.2992 4.3190 

Electronegativity 

(χ) 

χ = - ½ 

(EHOMO + 

ELUMO) 

10.2714 4.9110 4.7012 6.9139 4.9426 

Chemical 

Potential (μ) 

μ = ½ (EHOMO 

+ ELUMO) 

-

10.2714 
-4.9110 -4.7012 -6.9139 -4.9426 

Global Hardness 

(η) 

η = -½ (EHOMO 

-ELUMO) 
0.7795 0.7300 0.8070 0.6147 0.6236 

Softness (S) S = 1/2η 0.6414 0.6849 0.6196 0.8134 0.8018 

Electrophilicity 

index (ω) 
ω = μ2⁄2η 67.6726 16.5191 13.6935 38.9111 19.5873 

The optimized structures of all synthesized complexes (C4-C8) are depicted in 

figure 3.3.2.7.1. Each copper(II) ions are four and five coordinated in complexes 

C4, five coordinated in complex C5, C6 and C7, six coordinated in complex C8. 

Both coper ions are coordinated by oxygen of nitrate and one copper ion with oxygen 
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of other nitrate anion in C4 and both coper ions are coordinated by oxygen of 

perchlorate anion in C6. 

In complex C5, both copper ions are coordinated by phenolic oxygen, imine 

nitrogen, amino nitrogen of morpholine, two oxygen of each of two perchlorate 

anions. In complex C7, both copper ions are coordinated by phenolic oxygen, imine 

nitrogen, nitrogen of pyridine and two oxygen of each of two acetate anions. The 

complex C8 is formed by two unsymmetrical tridentate ligands chelating the metal 

ions and forming a phenoxide bridged copper(II) dimer. Both copper ions are 

coordinated by two phenolic oxygen, two imine nitrogen, two carbonyl oxygen and 

two oxygen of each of two perchlorate anions in antiperiplanar conformation. 

Besides these, some important geometrical parameters such as bond angles, bond 

lengths, torsion angle related to the complexes are listed in Table S3.1. 

 

 

Figure 3.3.2.7.1 DFT optimized structure of complexes (a)C4 (b) C5 (c) C6 (d) C7  
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Figure 3.3.2.7.1 (Contd…) (e) DFT optimized structure of complex C8 

Figure 3.3.2.7.2 (a) Frontier molecular orbitals of complex C4  
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Figure 3.3.2.7.2 (Contd…) (b) Frontier molecular orbitals of complex C5  

 

Figure 3.3.2.7.2 (Contd…) (c) Frontier molecular orbitals of complex C6  
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Figure 3.3.2.7.2 (Contd…) (d) Frontier molecular orbitals of complex C7 

 

Figure 3.3.2.7.2 (Contd…) (e) Frontier molecular orbitals of complex C8 
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The calculated bond lengths of Cu-N and Cu-O of these complexes are comparable 

to those obtained from single crystal X-ray data. This validates the models. In all the 

complexes, HOMO and LUMO along with their two upper and two lower orbitals 

exhibits different localization indicating intramolecular electron charge transfer 

within the molecule. The energy gap (ΔEg) value is directly associated with the 

stability and hardness and inversely related with the reactivity and softness of the 

molecule. The very small energy gap values shows that there is an easy charge 

transfer within the molecule, which may further increase the biological activity of 

the complex. 

 

 

Figure 3.3.2.7.3 Electrostatic potential of complexes (a) C4 (b) C5 (c) C6 (d) C7 
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Figure 3.3.2.7.3 (Contd…) (e) Electrostatic potential of complex C8 

3.3.3 SOD mimic activity  

Generation of superoxide anion (O2˙‾) is responsible for the conversion of NBT to 

monoformazan complex and its scavenging from the system by the copper(II) 

complexes (scheme 2.2.4.1 in chapter 2 section 2.2.4). The hydrogen donor NADH 

reduces PMS. This reduced PMS generates O2˙‾ from dissolved O2. NBT gets 

reduced by O2˙‾, which results in a linear accumulation of blue formazan with 

increase in the absorbance at 560nm (Scheme 2.3.3.1 in chapter 2 section 2.3.3).  

In the reaction medium, SOD or SOD mimic compounds scavenge O2˙‾ which 

results in decrease in the formation of formazan. The % inhibition of NBT reduction 

at various concentrations of complexes as a function of time was measured by 

measuring the absorbance at 560nm. Figure 3.3.3.1 represents the plot of 

absorbance (A560) against time (t) with varying concentration of complexes required 

to yield % inhibition of the NBT reduction. The ligands show very low % inhibition 

at 100μM concentration of ligand. E.g. the % inhibition of NBT reduction was found 

to be 15.11 % for L8 at 100μM concentration. This confirms that ligand, L8 does not 

show good SOD mimic activity. (Figure 3.3.3.1 (f)) 

 



156 

 

 

 

 

Figure 3.3.3.1 Plot of Absorbance (A560) as function of  time (min) (a) C4 (b) C5 (c) C6 (d) 

C7 (e) C8 and (f) L8 

Figure 3.3.3.2 represents % inhibition of NBT reduction as a function of increasing 

concentrations of complexes. These plots are further used to determine the IC50 value 

i.e. the scavenger concentration causing 50% inhibition of reduction of NBT where 

the scavenger is each complex.  
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Figure 3.3.3.2 Plot of % inhibition of NBT reduction vs. concentration of complexes 

The dicopper(II) complexes, C4-C8, exhibit SOD-like activity at the biological pH 

with lower IC50 values ranging from 0.128-4.05 µM. The complexes show better 

SOD mimic activity than those reported in the literature.45,46,62,68,73,89 The results 

have been summarized in Table 3.3.3.1.  

Table 3.3.3.1 IC50 values of complexes(C4-C8) and ligand L8 and native enzyme 

Complexes IC50/µM 

C4 0.242 

C5 0.128 

C6 1.157 

C7 4.05 

L8
 >100 

C8 0.329 

Native enzyme (SOD) 0.04 

3.3.4 Ascorbic Acid Oxidase (AAO) activity 

The oxidation of AA as catalyzed by complexes by dissolved O2 as oxidant in acetate 

buffer (pH 5.5) was monitored by measuring absorbance at λmax = 265nm using UV-

Vis spectroscopy. A distinct absorption maximum at λmax = 265nm (marked as ‘a’) 

was observed for ascorbic acid (AA) in figure 3.3.4.1 (a). However, when 

complexes were incubated in presence of AA under aerobic conditions, a significant 

decrease in absorbance (marked as ‘b’) was noted which demonstrated the fact that 

AA was consumed in a reaction (figure 3.3.4.1 (a)). But when the same experiment 

was carried out under nitrogen atmosphere, there was no significant decrease in the 

absorbance at λmax = 265nm (marked as ‘c’) which confirms the involvement of O2 

in the reaction (figure 3.3.4.1(a)).  
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Figure 3.3.4.1 (a) Uv-Vis spectra of a: AA, b: AA+C4 under aerobic conditions, c: 

AA+C4  under N2 atm. for 20 mins and d: AA+Cu(OAc)2 under  for 20 mins, 

 (b) Time dependent spectral changes from 0 to 14 mins for C4 catalyzed oxidation of AA 

and (c)-(e)Plots of [AA] as function of time with varying concentrations of substrate (c), 

catalyst (d) and temperature (e) (Inset: Plot of absorbance vs wavelength at different time 

interval)
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With various concentrations of ascorbic acid (AA), Michaelis-Menten constant (Km) 

can be obtained from Michaelis Menten equation (equation 2.8 in section 2.3.4 in 

chapter 2). The Michealis-Menten constant (Km)and maximum rate (Vmax) were 

calculated from Lineweaver-Burk plot. These parameters, Km and catalytic rate (kcat), 

help in understanding  the kinetic of the enzymatic / enzyme mimetic reactions.  

 

Figure 3.3.4.2 Rate vs [substrate] plot of Michaelis menten model for complexes (a) C4 (b) C5 

(c) C6 (d) C7 and (e) C8 (Inset: Lineweaver Burk plot of respective complexes) 

 

Figure 3.3.4.3 Plot of log(rate) vs log[S] for complexes (a) C4 (b) C5 (c) C6 (d) C7 and (e) C8  
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The order of reaction with respect to substrate was obtained from slope of the plot of 

log(rate) as function of log[substrate] (Figure 3.3.4.3). While order with respect to 

catalyst was obtained from slope of the plot of log(rate) as function of log[catalyst] 

(figure 3.3.4.4). It was found to be half order with respect to substrate as well as 

catalyst. 

 

Figure 3.3.4.4 Plot of log(rate) vs log [Cat] for complexes (a) C4 (b) C5 (c) C6 (d) C7 and (e) 

C8 

 

Figure 3.3.4.5 Arrhenius plot of all complexes (a) C4 (b) C5 (c) C6 (d) C7 and (e) C8 
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Activation energy of the reaction was found from the Arrhenius plot (figure 3.3.4.5). 

The Activation energy required for the conversion of AA to DHAA is in the range of 

70-79.03 kJ/mole for the complexes, C4-C8. 

The kinetic parameters of AA in the presence of complexes, order and activation energy 

have been summarized in Table 3.3.4.1. 

Table 3.3.4.1 Kinetic parameters of AA in presence of complexes 

Complex 
Km 

(M) 

Vmax 

(µM/min) 
[E] (M) kcat/h

-1 
Order Ea 

(kJ/mole) Cat Sub 

C4 10.70 7.02 x 10-5 2 x 10-6 3.21 x 102 0.39 0.49 77.44 

C5 9.913 6.435 x 10-5 
4  x 

10-6 
5.95 x 102 0.30 0.495 71.48 

C6 11.32 6.35 x 10-5 2 x 10-6 3.40 x 102 0.37 0.58 74.65 

C7 13.43 1.26 x 10-5 2 x 10-6 2.02 x 102 0.45 0.674 79.03 

C8 12.08 5.1 x 10-5 4 x 10-6 7.25 x 102 0.425 0.469 70.16 

AAO90 0.08 

(mM) 

6.5 (104 

mM/s) 

0.179 x 10-

8 
9.7 x 104 - - - 

Copper 

Salt 
- - - - - - 89.085 

No 

complex 
- - - - - - 138.99 

The presence of any superoxide formed during the reaction was checked 

spectroscopically and it was found to be absent. Mechanism as explained in section 

2.3.4 in chapter 2 (Figure 2.3.4.6). 

The presence of any superoxide formed during the reaction was checked 

spectroscopically and it was found to be absent. The presence of peroxide has also been 

analyzed spectrophotometrically, using a literature procedure91–93 as described in 

chapter 2 section 2.3.4.91–93.  The formation of H2O2 during the catalytic reaction was 

detected by following the development of the characteristic band of I3
- 

spectrophotometrically ((See SI†: Fig. S.3.25) (λmax= 353 nm; ε= 26000 M-1cm-1), upon 

reaction with I-. 

Based on the observations the same mechanism as proposed in chapter 2 is applicable 

for the reactions in presence of complexes C4-C8 as catalysts. 
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3.3.5 Catecholase activity 

In the present study, five substrates, 3,5-DTBC, 4-methyl catechol, dopamine, 

pyrocatechol and 2,3-dihydroxy naphthalene have been employed to study the 

catecholase activity of all C4-C8 complexes. The reaction with pyrocatechol, dopamine 

and 2,3-dihydroxy naphthalene was found to be very slow. The corresponding quinone 

band in dopamine, pyro- catechol and 2,3-dihydroxy naphthalene had negligible 

appearance even after 24 hrs of reaction time indicating negligible catalytic activity of 

the complex for these three substrates. All complexes were found to be active for 3,5-

DTBC and 4-methyl catechol substrates. Hence, detailed kinetic studies have been 

carried out with 3,5-DTBC and 4-methylcatechol as explained in section 2.3.5 in 

Chapter 2. The course of a typical reaction with complex C5 as catalyst (Figure 3.3.5.1 

(a)) for 3,5-DTBC and for other complexes for both substrates has been represented in 

SI† Fig 3.16(a), 3.17A-B(a), 3.18A-B(a), 3.19A-B(a) and 3.20A-B(a) inset graph. The 

substrate 3,5-DTBC / 4-methyl catechol was added at once to the solution of the 

complex and the spectra were recorded. The MLCT band in the complex disappeared 

and a new band corresponding to 3,5-DTBQ / 4-methyl quinone started appearing at 

380–410 nm.  A linear increase in the absorption of this band was observed. The 

kinetics of oxidation of 3,5-DTBC and 4-methyl catechol was determined by the 

method of initial rates as a function of time (figure 3.3.5.1 (b-d) for C5 (3,5-DTBC) 

and SI† Fig. 3.16-3.20(b-d) for other complexes for both substrates). 

The analysis of the data based on the Michaelis- Menten model, originally developed 

for enzyme kinetics, was applied. In figure 3.3.5.2 (a-e), the solid circles are 

experimental data and the solid curves are the fits to the Michaelis-Menten model for 

all complexes with 3,5-DTBC (for 4-MC see SI† Fig S3.20). With various 

concentrations of substrates, Michaelis-Menten constant (Km) can be obtained from the 

Michaelis Menten equation. The Lineweaver-Burk plot for all complexes with 3,5-

DTBC are depicted in inset of Figure 3.3.5.2 (a-e) while for 4-MC (See SI† Fig. S3.21 

Inset). 
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Figure 3.3.5.1 (a) Time dependent spectral changes over a time period of 0-15 min for C5 

catalyzed oxidation of 3,5-DTBC. (b-d) Plot of [product] as function of time with respect to (b) 

substrate, (c) catalyst (c) and (d) temperature (Inset: Plot of absorbance vs wavelength at 

different time interval) for complex C5 with 3,5-DTBC 

 

Figure 3.3.5.2 Plot of Rate vs [Substrate]of Michaelis Menten model for complexes (a) C4 (b) 

C5 (c) C6 (d) C7 (Inset: Lineweaver Burk plot) for 3,5-DTBC 
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Figure 3.3.5.2 (Contd..) (e) Plot of Rate vs [Substrate]of Michaelis Menten model for complex 

C8 (Inset: Lineweaver Burk plot) for 3,5-DTBC 

 

 

Figure 3.3.5.3 Plot of log rate vs log [Sub] for complexes (a) C4 (b) C5 (c) C6 (d) C7 and (e) 

C8 for 3,5-DTBC 
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The plots of log (rate) versus log[substrate] (Figure 3.3.5.3 (a-e)) and log (rate) versus 

log[catalyst] (Figure 3.3.5.4 (a-e)) for 3,5-DTBC of all complexes and that for 4-MC 

(SI† Fig. 3.22 and 3.23) indicate that the complex catalysed oxidation of both diphenols 

to the corresponding quinones follow first order kinetics with respect to the substrate 

and also with respect to the dicopper(II) monomer of the complexes.  

 

Figure 3.3.5.4 Plot of log rate vs log [Cat] for complexes (a) C4 (b) C5 (c) C6 (d) C7 and (e) 

C8 for 3,5-DTBC 

The activation energy values (16-30 kJ/mole) for the oxidation of 3,5-DTBC and 4-

methyl catechol (35-40 kJ/mole) in presence of complexes, C4-C8, as catalysts have 
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been calculated from Arrhenius plot (Figure 3.3.5.5 (a-e)). Those for 4-MC as substrate 

are included in SI† Fig. S3.24.  

 

Figure 3.3.5.5 Arrhenius plot of all complexes (a) C4 (b) C5 (c) C6 (d) C7 and (e) C8 for 3,5-

DTBC 

The kinetic parameters with both substrates in presence of complex catalysts, C4-C8, 

order with respect to the catalyst and substrate and activation energy are summarized 

in Table 3.3.5.1. 
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Table 3.3.5.1 Kinetic parameters of Michaelis Menten model, Order, Activation energy of 

substrates with different complexes 

Complex

es 
Substrate Vmax (M/s) Km (M) 

kcat  

(h-1) 

Order Ea 
(kJ/m

ole) 
Cat Sub 

C4 
3,5-DTBC 1.021 x 10-6 8.893 x 10-4 36.8 1.139 0.2978 27.59 

4-MC 4.566 x 10-7 5.842 x 10-4 16.4 0.811 0.1253 26.69 

C5 
3,5-DTBC 5.255 x 10-7 1.181 x 10-5 18.9 0.9693 0.2454 30.01 

4-MC 2.475 x 10-7 7.94 x 10-3 8.91 0.8241 0.6412 17.68 

C6 
3,5-DTBC 2.098 x 10-7 3.12 x 10-4 232 1.088 0.1595 16.36 

4-MC 8.318 x 10-8 5.03 x 10-4 6.61 0.9693 0.2767 39.16 

C7 
3,5-DTBC 8.865 x 10-8 8.198 x 10-4 3.19 0.7304 0.4700 38.05 

4-MC 6.782 x 10-8 3.112 x 10-4 2.44 0.8080 0.7313 18.31 

C8 
3,5-DTBC 8.545 x 10-7 1.332 x 10-4 133 0.6508 0.3070 19.77 

4-MC 3.896 x 10-7 5.220 x 10-4 14.0 0.2811 1.696 60.09 

The presence of any superoxide formed during the reaction was checked 

spectroscopically and it was found to be absent. The mechanistic pathways of o-

diphenol oxidation can involve production of water and/or hydrogen peroxide. The 

formation of hydrogen peroxide was confirmed using a literature procedure (See SI†: 

Fig. S.3.25) as explained in Chapter 2 section 2.3.4.91–93  

Mechanism explained in section 2.3.5 in chapter 2 (Figure 2.3.5). 

It can be seen from the table that the values of activation energy for the oxidation of 4-

MC by C5 and C7 as calalysts are the lowest and they are lower than those for the 

oxidation of 3,5-DTBC. While C6, C8, having more hydrophobic groups have the 

lowest activation energy for the oxidation of 3,5-DTBC.  This indicates that the 

selectivity of each complex towards a substrate changes with change in the structure of 

the complex. 
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• Synthesis and characterization of five new dicopper(II) complexes (C4-C8) has 

been carried out.  

• Complex C4 and C6 crystallize in P-1 point group.  

• The kinetics of catecholase and ascorbate acid oxidase type activity of these 

dicopper(II) complexes with 3,5-DTBC & 4-methyl catechol and Ascorbic acid has 

been studied by varying parameters like concentration of substrate and catalyst and 

temperature.  

• Complex C8 has significantly high ascorbic acid oxidase activity over other 

complexes. Ascorbic acid oxidase activity follows the order:  C8 > C5> C6 > C4 > 

C7.  

• Complex C6 has better catecholase type activity over other complexes with 3,5-

DTBC as a substrate. The activity of the complexes for oxidation of 3,5-DTBC 

follows the  order: C6 > C8> C4> C5 > C7. However, the activity of complexes 

for the oxidation of 4-methyl catechol follows the order: C5 > C7 > C4 > C6 > C8 

with C5 being the most active. This points towards the selectivity of complexes 

towards substrates. 

• SOD mimic activity of dicopper complexes has been studied. Complex C5 has 

significantly high SOD mimic activity over other complexes. The SOD mimic 

activity, as indicated by IC50 values, follows the order:  C5 > C4 > C8 > C6 > C7.  
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Fig. S3.1 1H NMR spectrum of dac 

 

Fig. S3.2 1H  NMR spectrum of L8
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Fig. S3.3 IR spectrum of L8

 

Fig. S3.4 Mass spectrum of L8
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Fig. S3.5: IR spectrum of C4 

 

Fig. S3.6 IR spectrum of C5 
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Fig. S3.7 IR spectrum of C6 

 

Fig. S3.8 IR spectrum of C7 
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Fig. S3.9 IR spectrum of C8 

 

Fig. S3.10 Mass spectrum of C4 
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Fig. S3.11 Mass spectrum of C5 

 

Fig. S3.12 Mass spectrum of C6 
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Fig. S3.13 Mass spectrum of C7 

 

Fig. S3.14 Mass spectrum of C8 
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Table S3.1 Bond lengths, Bond angles and Torsional angles of C4 

 C4  

Cu-N Distances (Ao) 

R(4,1) N4-Cu1 1.9631 

R(11,1)   N11-Cu1 2.1821 

  R(6,2) N6-Cu2 1.9598 

R(5,2) N5-Cu2 2.1646 

Cu-O Distances (Ao) 

   R(3,1) O3-Cu1 2.0173 

   R(3,2) O3-Cu2 2.006 

  R(74,1) O74-Cu1 2.302 

  R(73,2) O73-Cu2 2.3041 

  R(75,1) O75-Cu1 1.9887 

  R(75,2) O75-Cu2 1.9861 

Bond angles 

A(4,1,11) N4-Cu1-N11 87.6297 

A(11,1,75) N11-Cu1-O75 105.5313 

A(4,1,3) N4-Cu1-O3 90.6442 

  A(3,1,75) O3-Cu1-O75 76.3258 

A(3,2,75) O3-Cu2-O75 76.6408 

A(6,2,5) N6-Cu2-O5 87.7188 

A(5,52,75) N5-Cu2-O75 104.644 

A(6,2,3)   N6-Cu2-O3 90.9465 

A(4,1,74) N4-Cu1-O74 102.1256 

A(6,2,73) N6-Cu2-O73 101.3856 

A(74,1,75) O74-Cu1-O75 90.2505 

A(73,2,3) O73-Cu2-O3 94.7844 

A(73,2,75) O73-Cu2-O75 90.244 

A(1,3,2) Cu1-O3-Cu2 99.0578 

A(1,75,2) Cu1-O75-Cu2 100.7099 

Torsional angles 

L(3,1,11,4,-1) O3-Cu1-N11-N4 (-1) 178.2739 

L(3,2,5,6,-1)   O3-Cu2-N5-N6 (-1) 178.6653 

L(3,1,11,4,-2) O3-Cu1-N11-N4 (-2) 179.165 

L(3,2,5,6,-2) O3-Cu2-N5-N6 (-2) 179.8551 
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Table S3.1 (Contd..) Bond lengths, Bond angles of C5 

 C5  

Cu-N Distances (Ao) 

R(4,1) N4-Cu1 1.9602 

R(8,1) N8-Cu1 2.0505 

R(5,2) N5-Cu2 2.0511 

R(6,2) N6-Cu2 1.9608 

Cu-O Distances (Ao) 

R(3,1) O3-Cu1 2.0312 

  R(69,1) O69-Cu1 2.2595 

  R(70,1) O70-Cu1 1.9241 

R(3,2) O3-Cu2 2.0325 

R(68,2)   O68-Cu2 2.2576 

R(70,2) O70-Cu2 1.9243 

Bond angles 

A(3,1,4) O3-Cu1-N4 89.6447 

A(3,1,69) O3-Cu1-O69 91.2921 

A(3,1,70) O3-Cu1-O70 79.0502 

  A(4,1,8) N4-Cu1-N8 90.4578 

A(4,1,69) N5-Cu1-O69 86.9725 

A(8,1,69) N8-Cu1-O69 95.56 

A(8,1,70) N8-Cu1-O70 99.7693 

A(3,2,6) O3-Cu2-N6 89.574 

A(3,2,68) O3-Cu2-O68 91.3315 

A(3,2,70) O3-Cu2-O70 79.0137 

A(5,2,6) N5-Cu2-N6 90.4206 

A(5,2,68) N5-Cu2-O68 95.6206 

A(5,2,70) N5-Cu2-O70 99.8779 

A(6,2,68) N6-Cu2-O68 87.1215 
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Table S3.1 (Contd..) Bond lengths, Bond angles of C6 

 C6  

Cu-N Distances (Ao) 

R(9,1) N9-Cu1 2.0363 

R(11,1) N11-Cu1 1.9663 

R(8,2) N8-Cu2 1.9665 

R(12,2) N12-Cu2 2.0378 

Cu-O Distances (Ao) 

R(4,1) O4-Cu1 2.0431 

  R(5,1) O5-Cu1 1.8897 

  R(10,1) O10-Cu1 2.2665 

R(4,2) O4-Cu2 2.0454 

R(5,2)   O5-Cu2 1.8903 

R(7,2) O7-Cu2 2.2606 

Bond angles 

A(4,1,5) O4-Cu1-O5 77.8108 

A(4,1,10) O4-Cu1-O10 90.9535 

A(4,1,11) O4-Cu1-N11 89.2216 

  A(5,1,9) O5-Cu1-N9 101.7069 

A(5,1,10) O5-Cu1-O10 98.9021 

A(9,1,10) N9-Cu1-O10 99.5017 

A(9,1,11) N9-Cu1-N11 89.9458 

A(10,1,11) O10-Cu1-N11 87.0906 

A(4,2,5) O4-Cu2-O5 77.7398 

A(4,2,7) O4-Cu2-O7 91.1593 

A(4,2,8) O4-Cu2-N8 89.1847 

A(4,2,75) O4-Cu2-O75 120.5638 

A(5,2,7) O5-Cu2-O7 99.1115   

A(5,2,12) O5-Cu2-N12 101.64 

A(5,2,75) O5-Cu2-O75 54.6605 

A(7,2,8) O7-Cu2-N8 87.8194 

A(7,2,12) O7-Cu2-N12 99.4506 

A(7,2,75) O7-Cu2-O75 126.31 

A(8,2,12) N8-Cu2-N12 89.9322 

A(8,2,75) N8-Cu2-O75 130.1601 

A(12,2,75) N12-Cu2-O75 53.3492 
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Table S3.1 (Contd..) Bond lengths, Bond angles and Torsional angles of C7 

 C7  

Cu-N Distances (Ao) 

R(27,52) N27-Cu52 2.0435 

R(37,53)   N37-Cu53 2.0437 

  R(46,52) N46-Cu52 1.9988 

R(47,53) N47-Cu53 1.9995 

Cu-O Distances (Ao) 

   R(45,52) O45-Cu52 1.9973 

   R(45,53) O45-Cu53 1.9979 

  R(55,52) O55-Cu52 1.96 

  R(67,52) O67-Cu52 2.2408 

  R(56,53) O56-Cu53 2.2407 

  R(61,53) O61-Cu53 1.9603 

Bond angles 

A(27,52,46) N27-Cu52-N46 82.5497 

A(27,52,55) N27-Cu52-O55 91.1569 

A(27,52,67) N27-Cu52-O67 91.7251 

  A(45,52,46) O45-Cu52-N46 88.181 

A(45,52,55) O45-Cu52-O55 97.2361 

A(45,52,67) O45-Cu52-O67 90.2662 

A(46,52,67) N46-Cu52-O67 87.2647 

A(55,52,67)   O55-Cu52-O67 106.8873 

A(37,53,47) N37-Cu53-N47 82.5497 

A(37,53,56) N37-Cu53-O56 91.7973 

A(37,53,61) N37-Cu53-O61 91.1503 

A(45,53,47) O45-Cu53-N47 88.1264 

A(45,53,56) O45-Cu53-O56 90.1463 

A(45,53,61) O45-Cu53-O61 97.3027 

A(47,53,56) N47-Cu53-O56 87.2893 

A(56,53,61) O56-Cu53-O61 106.9306 

Torsional angles 

L(37,53,45,47,-1) N37-Cu53-O45-N47 (-1) 170.6761 

L(37,53,45,47,-2) N37-Cu53-O45-N47(-2) 177.5952 
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Table S3.1 (Contd..) Bond lengths, Bond angles and Torsional angles of C8 

 C8  

Cu-N Distances (Ao) 

R(39,51) N39-Cu51 1.971 

R(12,52)   N12-Cu52 1.9754 

Cu-O Distances (Ao) 

   R(14,51) O14-Cu51 1.9757 

   R(9,51) O9-Cu51 2.0107 

  R(42,51) O42-Cu51 1.9829 

  R(96,51) O96-Cu51 2.3806 

  R(103,51) O103-Cu51 2.2717 

   R(37,52) O37-Cu51 1.9794 

   R(9,52) O9-Cu52 1.9864 

  R(42,52) O42-Cu52 2.0125 

  R(97,52) O97-Cu52 2.2964 

R(101,52) O101-Cu52 2.4205 

Bond angles 

A(9,51,14) O9-Cu51-C14 87.2145 

A(9,51,42) O9-Cu51-O42 81.1729 

A(9,51,96) O9-Cu51-O96 84.2023 

A(9,51,103) O9-Cu51-O103 92.5461 

A(14,51,39) O14-Cu51-N39 100.7306 

A(14,51,96) O14-Cu51-O96 83.6469 

A(14,51,103) O14-Cu51-O103 94.8526 

A(39,51,42) N39-Cu1-O42 90.5738 

A(39,51,96) N39-Cu51-O96 89.8896 

A(39,51,103) N39-Cu51-O103 93.5294 

A(42,51,96) O42-Cu51-O96 93.145   

A(42,51,103) O42-Cu51-O103 87.6915 

A(9,52,12) O9-Cu52-N12 91.3866 

A(9,52,42) O9-Cu52-O42 81.0437 

A(9,52,97) O9-Cu52-O97 86.4972 

A(9,52,101)   O9-Cu52-O101 89.9426 

A(12,52,37) N12-Cu52-O37 100.9889 

A(12,52,97) N12-Cu52-O97    92.8985 

A(12,52,101) N12-Cu52-O101 93.4589 

A(37,52,42)   O37-Cu52-O42 86.3536 
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A(37,52,97) O37-Cu52-O97 96.4251 

A(37,52,101) O37-Cu52-O101 85.7045 

A(42,52,97)   O42-Cu52-O97 90.4523 

A(42,52,101) O42-Cu52-O101 82.790 

Torsional angles 

L(9,51,39,14,-1) O9-Cu51-N39-O14 (-1) 187.9451 

L(14,51,42,9,-1) O14-Cu51-O42-O9(-1) 168.384 

L(96,51,103,9,-1) O96-Cu51-O103-O9 (-1) 176.7484 

L(9,52,37,12,-1) O9-Cu52-O37-O42-O9 (-1) 192.3755 

L(12,52,42,9,-1) N12-Cu52-O42-O9 (-1) 172.4304 

L(97,52,101,9,-1) O97-Cu52-O101-O9 (-1) 176.4398 

L(9,51,39,14,-2) O9-Cu51-N39-O14 (-2) 173.1492 

  L(14,51,42,9,-2) O14-Cu51-O42-O9(-2) 182.0043 

L(96,51,103,9,-2) O96-Cu51-O103-O9 (-2) 178.6301 

L(9,52,37,12,-2) O9-Cu52-O37-O42-O9 (-2) 176.3166 

L(12,52,42,9,-2) N12-Cu52-O42-O9 (-2) 183.8313 

L(97,52,101,9,-2) O97-Cu52-O101-O9 (-2) 173.7217 
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Fig. S3.15A Time dependent spectral changes in AA corresponding to (a) C5 catalyzed 

oxidation and Plot of [AA] as function of time with respect to (b) Substrate (c) Catalyst (d) 

temperature of C5 (Inset: Plot of absorbance vs wavelength at different time intervals) 

(Contd…) 
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Fig. S3.15B (Contd…) Time dependent spectral changes inAA corresponding to (e) C6 and 

Plot of [AA] as function of time with respect to (f) Substrate (g) Catalyst (h) temperature of C6, 

(Inset: Plot of absorbance vs wavelength at different time intervals) 
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Fig. S3.15C (Contd…) Time dependent spectral changes in AA corresponding to (i) C7 

catalyzed oxidation and Plot of [AA] as function of time with respect to (j) Substrate (k) Catalyst 

(l) temperature of C7, (Inset: Plot of absorbance vs wavelength at different time intervals) 
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Fig. S3.15D (Contd…) Time dependent spectral changes of AA corresponding to (m) C8 

catalyzed oxidation and Plot of [AA] as function of time with respect to (n) Substrate (o) 

Catalyst (p) temperature of C8 (Inset: Plot of absorbance vs wavelength at different time 

intervals) 
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Fig S3.16 (e) Time dependent spectral changes over time period of 0-20 min in 4-MC 

corresponding to C5 catalyzed oxidation and (f-h) Plot of [product] as function of time with 

respect to substrate (f), catalyst (g) and temperature (h) (Inset: Plot of absorbance vs 

wavelength at different time interval) for complex C5 with 4-MC 
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Fig S3.17A (a) Time dependent spectral changes over time period of 0-15min in 3,5-DTBC 

corresponding to C4 catalyzed oxidation and (b-d) Plot of [product] as function of time with 

respect to substrate (b), catalyst (c) and temperature (d) (Inset: Plot of absorbance vs 

wavelength at different time interval) for complex C4 with 3,5-DTBC 
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Fig S3.17B (a) Time dependent spectral changes over a time period of 0-25min in 4-MC 

corresponding to C4 catalyzed oxidation and (b-d) Plot of [product] as function of time with 

respect to substrate (b), catalyst (c) and temperature (d) (Inset: Plot of absorbance vs 

wavelength at different time interval) for complex C4 with 4-MC 
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Fig S3.18A (i) Time dependent spectral changes over a time period of 0-20 min in 3,5-DTBC 

corresponding to C6 catalyzed oxidation and (j-l) Plot of [product] as function of time with 

respect to substrate (j), catalyst (k) and temperature (l) (Inset: Plot of absorbance vs 

wavelength at different time interval) for complex C6 with 3,5-DTBC 
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Fig S3.18B (i) Time dependent spectral changes over a time period of 0-20 min in 4-MC 

corresponding to C6 catalyzed oxidation and (j-l) Plot of [product] as function of time with 

respect to substrate (j), catalyst (k) and temperature (l) (Inset: Plot of absorbance vs 

wavelength at different time interval) for complex C6 with 4-MC 
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Fig S3.19A (m) Time dependent spectral changes over a time period of 0-40 min in 3,5-DTBC 

corresponding to C7 catalyzed oxidation and (n-p) Plot of [product] as function of time with 

respect to substrate (n), catalyst (o) and temperature (p) (Inset: Plot of absorbance vs 

wavelength at different time interval) for complex C7 with 3,5-DTBC 
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Fig S3.19B (m) Time dependent spectral changes over a time period of 0-30 min in 4-MC 

corresponding to C7 catalyzed oxidation and (n-p) Plot of [product] as function of time with 

respect to substrate (n), catalyst (o) and temperature (p) (Inset: Plot of absorbance vs 

wavelength at different time interval) for complex C7 with 4-MC 
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Fig S3.20A (a) Time dependent spectral changes over a time period of 0-15 min in 3,5-DTBC 

corresponding to C8 catalyzed oxidation and (b-d) Plot of [product] as function of time with 

respect to substrate (b), catalyst (c) and temperature (d) (Inset: Plot of absorbance vs 

wavelength at different time interval) for complex C8 with 3,5-DTBC 
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Fig S3.20B (a) Time dependent spectral changes over a time period of 0-20 min in 4-MC 

corresponding to C8 catalyzed oxidation and (b-d) Plot of [product] as function of time with 

respect to substrate (b), catalyst (c) and temperature (d) (Inset: Plot of absorbance vs 

wavelength at different time interval) for complex C8 with 4-MC 
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Fig. S3.21 Plot of Rate vs [Substrate]of Michaelis Menten model for complexes (a) C4 (b) C5 

(c) C6 (d) C7 and (e) C8 (Inset: Lineweaver Burk plot) for 4-MC 
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Fig. S3.22 Plot of log rate vs log [Sub] for complexes (a) C4 (b) C5 (c) C6 (d) C7 and (e) C8 

for 4-MC 

 

Fig. S3.23 Plot of log rate vs log [Cat] for complexes (a) C4 (b) C5 (c) C6 (d) C7 and (e) C8 

for 4-MC 
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Fig. S3.24 Arrhenius plot of all complexes (a) C4 (b) C5 (c) C6 (d) C7 and (e) C8 for 4-MC 

 

Fig. S3.25 Electronic spectra of the formation of I3
- ion in the presence of H2O2 (detection was 

achieved as mentioned in the text). 

Similarly, detection of hydrogen peroxide was spectroscopically monitored for 

complex C5, C6, C7, and C8 for 3,5-BTBC and 4-MC, there was no absorption band 

due to I3
- was observed in 3,5-DTBC while there was absorption band at 353nm due to 

I3
- in case of 4-MC. This confirms that hydrogen peroxide was formed during the 

catalytic reaction only 4-MC was used as substrate in the catalytic reactions. 
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