
-XIV- 

 

 

LIST OF FIGURES 
 

Fig I.1                  Active site structure of sMMO in its reduced form. 5 

Fig I.2                 Active site structure of To4MO, a non-heme multicomponent oxygenase containg 

diiiron (III) active site in its resting state (left) and a putative ‘complex Q’ which is 

active oxidising species [49]. 

7 

Fig I.3         Active site structure of Rieske dioxygenases. The Rieske [2Fe-2S] cluster is linked 

to the oxygenase component via an H-bonding network by an aspartate residue. 

8 

Fig I.4        A family of non-heme based iron(II) system including N,N,O donor state. 12 

Fig I.5 Diiron(III) core structure that used as the mimic of sMMO. 14 

Fig II.1 1H NMR spectra of the ligand bpmen; Inset: Expanded aromatic region. 26 

Fig II.2 UV-Vis spectra of the complexes (1-3) in acetonitrile at room temperature 

(concentration of the complexes = 1.0 mM). 

27 

FigII.3 UV-Vis spectra of the complex 1 in acetonitrile at room temperature (concentration 

of the complex = 1.0 mM). 

28 

Fig II.4 ESI-MS spectra of the complex [Fe(bpmen)(µ-O)(µ-OH)Fe(bpmen)](ClO4)3(2). 29 

Fig II.5 ESI-MS spectra of the complex [Fe(bpmen)(µ-O)(µ-CH3COO) Fe(bpmen)](ClO4)3 

(3). 

29 

Fig II.6 Ortep plot of the complex 1 [Fe(bpmen)(µ-O)FeCl3] showing 50% probability 

ellipsoids. 

30 

Fig II.7 

 

Fig II.8 

Fig II.9 

UV-vis spectral changes in the reaction of 1.0 mM [Fe2(µ-O)(µ-OH)(bpmen)2] (2) 

and H2O2 (10 mM) in presence of 100 mM benzyl alcohol in acetonitrile at 298K. 
1H NMR of the ligand bpmen in CDCl3.                                                                         
1H NMR of the ligand bpmen in CDCl3 (Expanded aromatic region). 

37 

 

40 

Fig III.1 UV-Vis spectra of the complex 2 in acetonitrile at room temperature (concentration 

of the complex = 2.5X 10-4 mM). 

51 

Fig III.2 Competitive experiments for the oxidation of different olefin pairs by 2/H2O2.  57 

Fig III. 3    UV-vis spectral changes obtained upon the addition of H2O2 (30 mM) to a solution 

of complex 2 (1 mM) and tert-butyl acrylate (20  mM) in neat acetonitrile at 298 K. 

Inset: Change of absorbance of the 480 and 550 nm bands monitored with time 

61 

Fig III.4. UV-vis spectrum of the complex 2 (red line) and that of the species obtained at the 

end of the aromatic hydroxylation (blue line) in dry acetonitrile at 298K. Electronic 

spectra of 2 and 2’ in the visible region in dry acetonitrile at 298 K. 

62 

Fig III.5 UV-vis spectral changes obtained upon the addition of H2O2 (30 mM) to a solution 

of complex 2 (1 mM), AcOH (1 mM)  and tert-butyl acrylate (20  mM) in neat 

acetonitrile at 298 K. Inset: Change of absorbance of the 480 and 550 nm bands 

monitored with time 

62 

Fig III.6 X-band EPR spectrum obtained after the addition of 10 mM H2O2 to an acetonitrile 63 



-XV- 

 

 

solution of 2 (1.0 mM) at 298 K followed by rapid freezing of the solution. 

Fig III.7 ESI-MS spectrum obtained immediately after the addition of 10 mM H2O2 to an   

acetonitrile solution of 2 (1.0 mM) at 298 K (Above). The experimental and 

theoretical isotope distribution patterns for the peaks at m/z 342 and 361 (Below).  

64 

FigIV.1 UV-visible changes for the reaction of 2 (1.0 mM), benzene (300 mM) and H2O2 

(10 mM) in acetonitrile at 298K. Inset: Absorbance changes at 650 nm with time 

after the addition of H2O2. 

79 

Fig IV.2 Decay of the 650 nm band with time. The final spectrum corresponding to the 

[(bpmen)(H2O)Fe(µ-O)Fe(OH)(bpmen)]3+ (2’)  complex is shown in red. Inset: The 

rate of formation of the iron(III) phenolate species in acetonitrile at 298K as a 

function of H2O2 concentration.  

80 

Fig IV.3 Experimental and theoretical isotope distribution patterns.  81 

Fig  IV.4 Rate of formation of phenolate as a function of benzene concentration 82 

Fig  IV.5 Plot of first-order rate constants against 1/T to determine activation parameters. 82 

Fig  IV.6 UV-vis spectrum of the complex 2 (1.25 x 10-4 M) (red line) and that of the 

species obtained at the end of the aromatic hydroxylation (blue line) in dry 

acetonitrile at 298K. Inset: Electronic spectra of 2 (1 mM) and 2’ in the visible 

region in dry acetonitrile at 298 K. 

83 

 

Fig IV.7 Electronic changes observed after the addition of additional H2O2 (10 mM) to the 

final diiron(III) complex (black line).  

84 

Fig IV.8 X-band EPR spectrum obtained after the addition of 10 mM H2O2 to an acetonitrile 

solution of  2 (1.0 mM) at 298 K (red line). EPR spectrum obtained after the 

addition of 10 mM H2O2 to an acetonitrile solution of 2 (1.0 mM) and benzene (300 

mM) at 298 K (black line). 

87 

Fig V.1 Active site structure of sMMO in its reduced form. 96 

Fig  V.2 Currently accepted mechanism of methane oxidation by sMMO.   96 

Fig  V.3 1H NMR spectra of the ligand iso-bpmen; Inset: Expanded aromatic region. 98 

Fig V.4 Electronic spectrum of complex 1 in acetonitrile 99 

Fig V.5 ORTEP diagram of complex 1 showing 50% probability thermal ellipsoids and the 

labelling scheme for selected atoms. The atoms with the asterisks (*) are symmetry 

generated. Hydrogen atoms and the counter anions are removed for clarity. 

100 

Fig V.6 Packing arrangement in 1 102 

Fig VI.1 Electronic spectrum of complex 1 in acetonitrile  118 

Fig VI.2 ORTEP plot of an independent cation (13+) at 50% probability level. The 

perchlorate anions were omitted for clarity. The atoms marked with # are symmetry 

generated. 

119 

Fig VI.3 Packing diagram of 1-ClO4 121 

Fig VI.4 Structure of iron (II) complexes of TPA and BPMEN 124 

 


