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Abstract: The biological oxidation kinetics of the drug Calcium lactate has been investigated by the synthesized µ-

peroxo-bis[aminebis(ethylenediamine)Cobalt(III)]perchloratedihydrate complex in aqueous medium using Equip-

tronics potentiometer. The prepared complex was characterized by FT-IR, UV and Micro-Raman spectrometer 

(RENISHAW in via system, U.K encompassed with 514.4 nm He/Ne laser). The reaction between amineµ-

peroxocobalt(III)complex and Calcium lactate in aqueous medium exhibits 1:1 stoichiometry. The kinetic study 

showed first order with respect to the change in concentration of the amineµ-peroxocobalt(III)complex and hydrogen 

ion. The zeroth order dependence with respect to substrate concentration was found and increase in ionic strength 

showed insignificant effect on the reaction rate. Free radical formation was not seen throughout the reaction. The 

reaction constants with respect to different effects were calculated. Arrhenius and thermodynamic parameters were 

computed and discussed. A mechanism consistent with the observed kinetic data has been proposed.  

Keywords: amineµ-peroxocobalt(III)complex, oxidation kinetics, Calcium lactate, FT-IR, UV spectroscopy and 

Micro-Raman spectrometer. 

 

1. INTRODUCTION 

Enzymes are responsible for oxidation reactions in a variety of biological processes in all 

living cells. A number of investigations have provided fascinating details about the movement of 

protein parts and their involvement in enzyme function [1]. A great advantage of enzymes is that 

they can be identified by their catalysed reactions, incontrast to the other components of the cell, 

like functional proteins or nucleicacids, which must be determined by direct detection [2].   

Peroxidase enzymes activate hydrogen peroxide to perform myriad oxidations in nature [3]. It is 

found in various species of microorganisms and plants which plays a vital role in the field of 

environmental moinitoring, resins synthesis, reagents in clinical diagnostics and in the enzyme 

immune assay [4]. Many attempts have been made in the past to develop biological models 

useful to predict the metabolic behaviour of drug. Simple heme enzyme systems, such as 

peroxidases and cytochrome P450 monooxygenases have been investigated, because of their 

ability to oxidize a large variety of substrates which was significant [5]. The theory of kinetics is 

both logical and simple, and it is essential to develop an understanding of this subject in order to 

be able to appreciate the role of enzymes both in metabolism and in biotechnology [6]. In vitro 

experiments using purified proteins and controlled substrate concentrations to characterize 

enzyme kinetics were conducted [7]. Apart from these bio mimicking approaches, enzymatic 

reactions occurring on non-natural surfaces have been studied and applied for many years.  

Transition metal-dioxygen complexes were attracting interest from the standpoints of synthetic 

and biological chemistry as they play key role in variety of catalytic oxidation [8]. The interest to 

study the interaction of molecular oxygen with group VIII transition metal complexes is based 

upon the search for model systems which mimic hemoglobin and related iron-containing 

molecular oxygen carriers [9]. The cobalt dimers are readily formed by the addition of oxygen to 

solutions of the parent cobalt compounds [10]. The bonding of dioxygen in cobalt complexes is 
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believed to be similar to that of the natural systems of hemerythrin and hemocyanin. Bonding of 

dioxygen in these natural systems involves two metal centers with the bound dioxygen being in a 

reduced “peroxide-like” state with a concomitant one-electron oxidation of metal centers to low-

spin d6 Cobalt(III). Calcium assumes a significant job in the body. Calcium lactate are intaken in 

the form of medicine to counteract or treat low blood calcium levels in individuals. It might be 

utilized to treat conditions like bone misfortune (osteoporosis), feeble bones 

(osteomalacia/rickets), diminished action of the parathyroid organ (hypoparathyroidism), and a 

specific muscle ailment (dormant tetany). Hence the medicinal drug calcium lactate is taken for 

the investigation and its oxidation is studied using the amineµ-peroxocobalt(III)complex. 

 

2. EXPERIMENTAL SECTION 

Chemicals and Solutions. All chemicals used were of reagent grade and double distilled 

water was used throughout the work. Stock solution of Calcium lactate (LOBA) was prepared 

freshly by dissolving the appropriate amount of sample in double distilled water. The PTX was 

used as received without any treatment. The required concentration of Calcium lactate was used 

from its aqueous stock solution. The solution of amineµ-peroxocobalt(III)complex was 

prepared and the corresponding acid and salt solutions were standardized against their 

appropriate solutions. The substrate Calcium lactate concentration was ten times greater than the 

µ-peroxo complex concentration so that pseudo first order condition is maintained throughout the 

reaction. A total volume of 40ml of the reaction mixture was taken in a double walled beaker 

which is connected to the thermostat such that the required temperature is maintained at 313k 

except during the effect study on temperature. 

     Instruments Used. For kinetic measurements, the emf of the cell was measured 

systematically using Equip-Tronics potentiometer and the corresponding rate constants were 

calculated by least square method using lotus1-2-3 macro software. The synthesized amineµ-

peroxocobalt(III)complex[12] was characterized using FT-IR, UV spectroscopy and Micro-

Raman spectrometer (RENISHAW in via system, U.K encompassed with 514.4 nm He/Ne laser). 

Graphs were plotted using MS-Excel software.   

Electronic spectrum of the amineµ-peroxocobalt(III)complex 

The electronic spectrum of the complex µ-peroxo-

bis[aminebis(Ethylenediamine)Cobalt(III)]perchloratedihydrate has been characterized 

using Perkin Elmer lambda 35 UV-Visible Spectrometer. It showed an absorption band at 

309.6 nm (Figure 1). The electronic spectrum showed the absence of the characteristic 

transition in visible region, but showed an intense charge transfer band near 205 nm. The 

band was due to the transfer of electron from the peroxide to metal [13-14]. Thus the 

band clearly proves the presence of a single bridge peroxo ligand in the μ-peroxo 

complex. 

Figure 1. Electronic spectrum of the amineµ-peroxocobalt(III)complex 

 

FTIR spectrum of the amineµ-peroxocobalt(III)complex 
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FT-IR characterization [3-4] of the amineµ-peroxocobalt(III)complex had  been  done  

by using Perkin-elmer RSI  spectrometer (Figure 2) and its assignments were given 

below in the Table-1. 

 
Figure 2. FTIR spectrum of the amineµ-peroxocobalt(III)complex 

 

 

R-NPh-

Name Description

4000 4003500 3000 2500 2000 1500 1000 500

100

0

10

20

30

40

50

60

70

80

90

cm-1

%
T

1087.29cm-1
1110.51cm-1

1057.94cm-1

3212.53cm-1 1384.68cm-1

1367.06cm-1
626.59cm-1

1599.03cm-1

3447.38cm-1

3506.23cm-1 1281.69cm-1

1463.50cm-1

1204.23cm-1

2971.48cm-1 566.10cm-1

775.54cm-1933.50cm-1

581.81cm-1

2902.65cm-1
538.42cm-1

506.15cm-1

822.70cm-1

893.97cm-1

474.08cm-1

2388.11cm-1

2322.56cm-1

440.31cm-12025.92cm-1

1762.48cm-1

 
                      

Table 1. FT-IR data for amineµ-peroxocobalt(III)complex 

                                 

 

 

 

 

 

 

 

s – Stretching    b – Bending   υ – bond stretching      

Raman spectrum of the amineµ-peroxocobalt(III)complex 

The Raman spectral studies were perfomed using a Micro-Raman spectrometer 

(RENISHAW in via system, U.K) encompassed with 514.4 nm He/Ne laser (Figure 3). 

It has been observed that the strong ʋ(Co-O) stretch in the Raman spectrum [5] near 

543.8835 cm
-1

 was due to the µ-peroxodicobaltcomplex. 
Figure 3. Raman spectrum of the amineµ-peroxocobalt(III)complex 

Wavelength (cm
-1

  )  Functional Groups 

3506.23 Free (O-H)s 

3212.53      υ(N-H)s 

2902.65 (C-H)s 

1599.03 (N-H)b  

1463.50 (CH2)S 

1057.94 υ (C-N) 
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3. RESULTS AND DISCUSSION 

 

 Stoichiometry and Product analysis 
     The stoichiometry analysis has been done by the following method, where a 

sequence of blank runs were carried out potentiometrically, with different initial 

concentration of amineµ-peroxocobalt(III)complex in the wide range of 0.2 × 10
-3

 mol 

dm
-3

 to 10.0 × 10
-3

 mol dm
-3

. For each concentration after a definite time, the 

corresponding potential value was noted. A calibration graph of log [amineµ-

peroxocobalt(III)complex] versus EMF was plotted. The concentration of amineµ-

peroxocobalt(III)complex was taken in excess amount than the substrate (calcium 

lactate) concentration in order to determine the stoichiometry of the reaction and the 

potential measurements were noted at regular intervals. Using the calibration graph, the 

unreacted amineµ-peroxocobalt(III)complex concentration was obtained from the EMF 

value at certain time intervals. It was found that one mole of amineµ-

peroxocobalt(III)complex consumes one mole of substrate. 

Polymerisation Study 
        The following test was performed to check whether any radical intermediates were 

formed during the oxidation of the substrates by amineµ-peroxocobalt(III)complex in 

aqueous medium. To a solution of 0.1g calcium lactate in 10ml of water, few crystals of 

acrylamide was added and shaken well. To this solution 8ml of amineµ-

peroxocobalt(III)complex in water was added and stirred again. The solution was kept in 

a thermostat for about an hour. No polymerization of acrylamide was observed. This 

showed that the reaction was not proceeding through free radical mechanism. 
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4. DEPENDENCE OF THE KINETIC PARAMETERS 
 

Dependence of reaction rate on [amineµ-peroxocobalt(III)complex] 
         At constant concentration of Calcium lactate (2.0 × 10

-2
 mol dm

-3
) the acid (8.0 × 

10
-3

 mol dm
-3

) and at constant ionic strength (2.5 × 10
-2

 mol dm
-3

) the amineµ-

peroxocobalt(III)complex concentration was varied in the range of 1.0 × 10
-3

 to 4.0 × 10
-

3
 mol dm

-3
, and the fairly constant kobs values indicate that the order with respect to 

[amineµ-peroxocobalt(III)complex] was one (Table 2). 

  Dependence of reaction rate on [Calcium lactate] 
      The calcium lactate concentration was varied in the range of 1.0 × 10

-2
 to    4.0 × 

10
-2

 mol dm
-3

 at 25°C keeping all other reactants concentration and conditions constant. 

The kobs values increased with increase in concentration of substrate. The rate constant 

values in the (Table 3) indicated the zero order of calcium lactate on the rate. 

Dependence of reaction rate on [Sulphuric acid] 
      The effect of increasing concentration of acid was studied on the reaction rate at 

constant concentration of amineµ-peroxocobalt(III)complex and Calcium lactate at 

constant ionic strength of 2.5 × 10
-2

 mol dm
-3

 at 25°C. The rate constants increased with 

the increase in concentration of acid (Table 4) and indicating a first-order dependence on 

the [H
+
].   

Dependence of reaction rate on [Added salt] 
       When the [Na2SO4] was varied from 1.25 x 10

-2 
mol dm

-3
 to 5.0 x 10

-2 
mol dm

-3
 

while keeping the other conditions constant, rate constants were almost constant 

confirming the zero order with respect to added salt concentration as shown in (Table 5). 

  
Table 2. Effect of [amine μ-Peroxo Complex] 

[Calcium lactate] = 2.0x10
-2 

mol dm
-3

 [H
+
] =8.0x10

-3 
mol dm

-3
 [Na2SO4] =2.5x10

-2
mol dm

-3
    Solvent = 

Water     Temp=313K 

 
 

 

 

 

 

 

 

 

Table 3. Effect of [Calcium lactate] 

[amineµ-peroxocobalt(III)complex] = 2.0 x 10
-3

 mol dm
-3

                 

[H
+
] = 8.0 x 10

-3
 mol dm

-3
                                             

[Na2SO4] = 2.5 x 10
-2

 mol dm
-3

                                  

Temp = 313K    Solvent = water                                
 

10
2
[Calcium lactate] mol dm

-3
 10

4
kobs S

-1
 

1.0 4.6 

2.0 4.5 

3.0 4.5 

4.0 4.5 

  
Table 4. Effect of [H2SO4] 

[Calcium lactate] = 2.0x10
-2 

mol dm
-3 

[amineµ-peroxocobalt(III)complex] = 2.0 x 10-3 mol dm-3             

10
3
[ amineµ-

peroxocobalt(III)complex] 

mol dm
-3 

10
4
kobs 

S
-1 

5+log[ amineµ 

peroxocobalt(III)complex] 

5+log kobs 

1.0 3.9 2.0000 1.59 

2.0 4.5 2.3010 1.65 

3.0 6.2 2.4771 1.79 

4.0 7.6 2.6021 1.88 
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[Na2SO4] = 2.5x10-2mol dm-3                     Solvent = Water             Temp=313K 

 
 

 

 

 

 

 

 

 

 

Figure 4. Plot of log kobs versus log[H2SO4] 

 

 

Table 5. Effect of [Na2SO4] 

[amineµ-peroxocobalt(III)complex] = 2.0 x 10
-3

 mol dm
-3

    

[Calcium lactate] = 2.0x10
-2

 mol dm
-3

 

[H
+
] = 8.0 x 10

-3
 mol dm

-3
     

Temp = 313K    Solvent = water 

 

 

 

 

 

 

Dependence of reaction rate on Temperature 
         The kinetics was studied at four different temperatures 313 to 328 K under 

constant concentrations of amineµ-peroxocobalt(III)complex, calcium lactate, Sulphuric 

acid and Sodium sulphate and the values are listed in the Table 6. 

 
Table 6. Effect of Temperature 

[amineµ-peroxocobalt(III)complex] = 2.0 x 10
-3

 mol dm
-3

  

[H
+
] = 8.0x10

-3 
mol dm

-3
    

[Calcium lactate] = 2.0x10
-2 

mol dm
-3

    [Na2SO4] = 2.5x10
-2

mol dm
-3

     

Solvent = Water   

10
3
 [H2SO4] 

moldm-3 
10

4
kobs 

S-1 
5+log[H2SO4] 5+log kobs 

4.0 3.3 2.6021 1.52 

8.0 4.5 2.9031 1.65 

12.0 6.3 3.0792 1.80 

16.0 9.2 3.2041 1.96 

10
2
[Na2SO4] mol dm

-3
 10

4
kobs    S

-1
 

1.25 4.5 

2.5 4.5 

3.75 4.6 

5.0 4.5 
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Figure 5. Plot of log kobs versus 1/T 

 

                                 
Figure 6. Plot of log (kobs /T) versus 1/T 

 

                                 
 

5. ARRHENIUS AND THERMODYNAMIC PARAMETERS 
     The energy of activation, enthalpy of activation, free energy of activation, entropy 

of activation and frequency factor A were calculated from the plot of log kobs versus 1/T 

and the plot of log(kobs/T) versus 1/T. The values are tabulated below           

 

 

 

 

Temp 

K 

10
4 

kobs 

S
-1

 
5+log kobs 10

3  
(1/T) 7+log(kobs/T) 

313 4.5 1.65 3.199 1.16 

318 6.6 1.81 3.144 1.32 

323 9.0 1.95 3.095 1.45 

328 11.1 2.05 3.048 1.53 

Ea (k J mol
-1

) 50.33 

∆H
#
 (k J mol

-1
) 47.57 

∆S
# 

(J K 
-1

 mol
-1

) -27.86 

∆G
# 

(k J mol
-1

) 56.29 

log A 9.12 

PROTEUS JOURNAL

VOLUME 11 ISSUE 12 2020

ISSN/eISSN: 0889-6348

http://www.proteusresearch.org/    Page No: 114



 
 

The negative entropy of activation ∆S
#
 suggested the formation of an activated complex 

with a reduction in the degree of freedom of molecules and the intermediate complex 

was more ordered than the reactants [15]. The positive value of free energy of activation 

∆G
# 

and the enthalpy of activation ∆H
#
 indicates that the transition state was highly 

solvated. The moderate ΔS
#
 and ΔH

# 
values were agreeable for electron transfer 

reaction, where the ΔH
# 

value was due to the compactness and change in energy of 

solutions in the transition state [16]. 

 

6. MECHANISM 
Based on the experimental results the most appropriate mechanism for the 

oxidation behavior of amineµ-peroxocobalt(III)complex has been suggested in the 

scheme 1. Reaction rate enhancement observed by increasing acid concentration 

suggests the formation of a more powerful oxidant, namely acid complex, by the 

following equilibrium. 

Scheme 1. Mechanism 

[NH3 en-Co-O-O-Co-enNH3]4+
+ H+ [HCo(en)2O2Co(NH3)2]5+

+
k3

k-1

2[Co(en)(NH3)]2+ O2
*

+ H+

O2
* Substrate Product

k1

(fast)

(slow)

(fast)

+
k2[HCo(en)2O2Co(NH3)2]5+

 
In the proposed mechanism the first equilibrium step involved the formation of 

[HCo(en)2O2Co(NH3)2]
5+ 

complex ion from the peroxo complex [NH3-en-Co-O-O-Co-

en-NH3]
4+

. In the second step, the products of the first step undergoes a rapid release of 

activated oxygen molecule from a µ-peroxo cobalt (III) dimer [17] along with a 

simultaneous reduction of mononuclear Co(III) complex to mononuclear Co(II) 

complex. In the third step the activated oxygen molecule attacks the substrate leading to 

the final products. 

The above mechanism leads to the following rate law: 

Rate = kobs [amineµ-peroxocobalt(III)complex] [H
+
]  

This rate law explains all the observed experimental facts. The activated oxygen reacted 

with the substrate and gave the product in the final step. 

 

 

7. CONCLUSION 
              The µ-peroxobis[aminebis(ethylenediamine)cobalt(III)]perchloratedihydrate 

complex has been synthesized and characterized by FT-IR,UV spectroscopy and Micro-

Raman spectrometer. The observed rate constant values and the calculated parameters 

showed that the organic substrate has undergone kinetic oxidation. The reaction was 

found to be zero order with respect to the organic substrate concentration. The amineµ-

peroxocobalt(III)complex and the acid concentration shows first order with increase in 

its concentration. There was no effect on added salt. Therefore the complex proves itself 

as a good dioxygen carrier suitable for biological oxidation in mimic of the peroxidase 

enzyme. 
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