
Available online at http://www.ajol.info/index.php/njbas/index  
Nigerian Journal of Basic and Applied Science (December, 2018), 26(2): 45-53 

DOI: http://dx.doi.org/10.4314/njbas.v26i2.7 

ISSN 0794-5698 

 
Kinetics of Oxidation of Ethylenediammine-N,N,N’,N’-tetraacetatocobaltate(II) 

complex by Silver-activated Persulphate ion in Aqueous Acidic Medium 
 

*1A.D. Onu, 2S.O. Idris and 1Y. Ahmed 
1Department of Chemistry Federal College of Education, Zaria 

2Department of Chemistry Ahmadu Bello University, Zaria 
[*Corresponding Author: daveonu@gmail.com; :+2348032894966] 

45 

F
u

ll 
L

en
g

th
 R

es
ea

rc
h

 A
rt

ic
le

 

ABSTRACT 
The kinetics of oxidation of Ethylenediammine-N,N,N’,N’-tetraacetatocobaltate(II) complex 

(   (  )       ) by silver-activated persulphate ion in a ueous nitric acid medium was studied at  
I = 0.5 mol dm-3(NaNO3), [H+] = 1 × 10-2 mol dm-3, [Ag+] = 1 × 10-2 mol dm-3, T = 299 ± 1 K and λmax = 520 
nm. Stoichiometric study showed 2:1 (Reductant: Oxidant) mole ratio. The reaction exhibited first order with 

respect to the [Co(II)EDTA2-] and [ 2

82OS ] and the rate constant,   (5.90 × 10-2
 dm3mol-1s-1

) was 

independent of the acid concentration, but varied linearly with catalyst concentration, [Ag+]. The overall rate 
law is represented as: 

    (   )      

  
                    (  )            

    

The reaction displayed zero salt effect suggesting an activated complex composed of either a neutral-
charged, neutral-neutral reactant species or ion-pair. The reaction was catalysed by addition of formate ion, 
HCOO- and the Michaelis-Menten’s type plot gave zero intercept indicating the absence of intermediate 

complex. Also, the activation enthalpy (   = +39.27 kJ mol-1) and entropy (   = -136.73 J K-1 mol-1) 
were determined. The entropy of activation shows a more ordered activated complex relative to the 
reactants species. Evaluating the experimental data, an outer-sphere mechanistic pathway via ion pair 
activated complex is proposed for the reaction. 
Keywords: Kinetics, Oxidation, Aminocarboxylactocobaltate(II), Persulphate ion 

 
INTRODUCTION 
Bioactive molecules containing hard and soft 
donor sites of N, O and S atoms occur generally 
in nature (Dharmaraja et al., 2017) in form of 
metal complexes. For example, vitamin B12, a 
complex of cobalt which is necessary for DNA 
synthesis, formation of red blood cells, 
maintenances of central nervous system, myelin 
formation, etc. (Chang, 2000). An 
aminopolycarboxylic acid is a chemical 
compound containing one or more nitrogen 
atoms connected through carbon atoms to two or 
more carboxyl groups. It forms strong complexes 
with metal ions (Anderegg et.al, 2005). This 
property makes it useful complexone in a wide 
variety of chemical, environmental and medical 
applications. Metal amino carboxylate complexes 
are important in metalloenzyme catalyzed 
reactions (Vuckovic et. al., 2011) and as model 

for mimicking biological processes like respiration 
(Swaroop et.al., 1991). Thus, the study of 
oxidation of these complexes has continued to 
receive wide attention. Electron transfer reactions 
of these complexes with some oxyanions have 
been reported (Onu et al., 2008, 2009, 2015 & 
2016; Naik et al., 2007 & 2010 & Mansour, 
2003). In these studies both the inner-sphere and 
outer-sphere mechanisms were reported. 
 
Peroxydisulphate ion is one of the strongest 
oxidants known in aqueous solution (Mcheik and 
El Jamal, 2013). This plays key role in many 
industrial processes and commercial products 
and it is mainly used as a radical initiator for 
emulsion polymerization reactions for styrene 
based polymers (Harald, Stefan, Thomas, Sylvia 
and Sven, 2005). In the electronic industry, it is 
considered an efficient microetchant in the 

https://en.wikipedia.org/wiki/Radical_initiator
https://en.wikipedia.org/wiki/Emulsion_polymerization
https://en.wikipedia.org/wiki/Styrene
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manufacture of printed circuit boards. In the 
cosmetic, pharmaceutical, organic synthesis, 
agriculture, plating and coating processes; the 
use of this oxidant is wide spread. Although 
redox reactions of peroxydisulphate ion have 
been studied (Kun-Chang, Richard, and George, 
2002, Shen-Xin, DongWei, ZongWei,, Xiang-
Rong, Hua-Bin, and Yue, 2009, Mohammed, 
Iyun, and Idris, 2010, Xiang-Rong and Xiang-
Zhong, 2010, Xie, , Zhang,  Huang,  and Huang, 
2012 ), studies involving the above titled reaction 
seems not to have received good attention given 
the paucity of literature. Understanding the 
mechanistic pathway for this reaction of interest 
is therefore desirable. Consequently, the need to 
gain more understanding of the mechanism of 

redox reaction of    (  )        and 
persulphate ion with a view to improving on their 
uses; is the driving motive for this study.  
 
MATERIALS AND METHODS 
All chemicals and reagents used were of analar 
grade and distilled water was used in preparing 
the solutions. Sodium nitrate was used to 
maintain the ionic strength of the reaction 
medium. Nitric acid was used for the 
investigation of effect of hydrogen ion on the 
reaction rate and Ag+ was used as catalyst.  
The [Co(II)EDTA]2- was prepared according to 
the method of Onu et al. (2016) by adding 
Na2H2EDTA to CoCl2.6H2O in a ratio such that 
EDTA was in slight excess to ensure complete 
complexation. The complex was characterized 
electronically using uv-visible spectrophotometre. 
A stock solution of the acid was prepared by 
diluting nitric acid (70.5 % specific gravity 1.42) 
and standardized titrimetrically. Stock solution of 
NaNO3, silver nitrate, sodium persulfate, sodium 
formate and potassium nitrate were prepared by 
dissolving accurately weighed amounts of each 
in a known volume of distilled water. 
 
The stoichiometry of the reaction was determined 
by spectrophotometric titration using the mole 
ratio method (Onu et al., 2009 and 2015). The 
concentration of [Co(II)EDTA]2- was kept 
constant at 5.0 × 10-3 mol dm−3 while that of 

S2O8
2- was varied 4 folds below and above that 

of S2O8
2-. The reactions were allowed to go to 

completion at constant [H+] (HNO3 = 1.0 × 10-2 

mol dm-3), catalyst ([Ag+] = 1.0 × 10-2 mol dm-3), 
ionic strength (NaNO3 = 0.5 mol dm−3), λmax = 
520 nm T = 299 ± 1 K. This was ascertained by 
taking the absorbance of the mixtures at 
intervals. The reaction was taken to be complete 
when the absorbance remained constant after 
series of repeated readings and the stoichiometry 
(indicated by the point of inflexion) of the reaction 
was determined from the plot of absorbance 
against mole ratio S2O8

2-/[Co(II)EDTA]2-. 
  
The kinetic study was carried out under pseudo-
first order conditions with [Co(II)EDTA2-] = 5.0 × 
10-3 mol dm-3 and [S2O8

2-] over 12-folds in excess 
over the reductant concentration at the condition 
stated in Table 1 by taking the change in 
absorbance with time of the reaction mixtures at 
520 nm (λmax) on a Sherwood Colorimeter 254. 
The pseudo-first order rate constants (k1) for the 
reactions were obtained from the slopes of the 
plots of log (A∞-At) versus time; where A∞ is the 
absorbance at infinity and At is the absorbance at 
time t. The order with respect to the oxidant 
concentration ([S2O8

2-]) was determined from the 
slope of the plots of log k1 versus log [S2O8

2-]. 
The second order rate constants, k2 were 
obtained from k1 as k1/[S2O8

2-]. 
 
The effects of change in acid concentration, ionic 
strength and catalyst on the reaction rate were 
studied under the reaction condition stated in 
Table 1 while that of added ions is given by the 
reaction condition in Table 2. Temperature 
dependent study from which the thermodynamic 
parametres were determined was carried out 
under the reaction condition presented in Table 
3. 
 
Presence or otherwise of free radical species in 
the reaction was checked by addition of 5.0 cm3 
of acrylamide to a partially oxidized reaction 
mixture. This was followed by a large excess of 
methanol. Formation of polyacrylamide 
evidenced by gel formation would provide 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Xie%20X%5BAuthor%5D&cauthor=true&cauthor_uid=22893957
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=22893957
http://www.ncbi.nlm.nih.gov/pubmed/?term=Huang%20W%5BAuthor%5D&cauthor=true&cauthor_uid=22893957
http://www.ncbi.nlm.nih.gov/pubmed/?term=Huang%20S%5BAuthor%5D&cauthor=true&cauthor_uid=22893957
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information for the presence of free radicals in 
the reaction mixture.  
 
The Co(III) reaction product was determined 
spectrophometrically by scanning the solution of 
the product within the wavelength range of 350 – 
600 nm. The SO4

2- product was determined 
qualitatively by adding barium chloride in the 
presence of excess HCl acid to the solution of 
the reaction product(Vogel, 1979). This test was 
carried out on both the reductant and oxidant 
respectively.  

Activation parameters (    and    ) were 
calculated from the intercept and slope of the plot 
of ln(k/T) versus 1/T using Eyring equation 
(Atkins and de Paula, 2006) given in (1.0) below.  
 

RT

H

R

S

hT

k  






lnln  (1.0) 

 
Where, k = reaction rate constant, T = Kelvin 
temperature, κ = Boltzmann’s constant, h = 

Planck’s constant,     = entropy of activation, 

    = enthalpy of activation, R = gas constant. 
 
RESULT  
The electronic spectrum of the complex gave λmax 
at 520 nm which was in agreement with literature 
value (Onu et al., 2009, 2015 &2016).The result 
of spectrophotometric titration showed that two 
moles of the reductant were consumed by one 
mole of the oxidant. The plots of the titration from 
which the stoichiometry was determined is 
presented in Figure 1. Based on this result, the 
overall stoichiometric equation for the reaction 
can be represented by: 
 

    (  )       + 

    
         (   )      +     

   (2.0) 
 
The electronic spectrum of the reaction product 
showed two λmaxima at 382 nm and 536 nm typical 
of Co(III) (Mansour, 2003; Perveen et al., 2013 

and Onu et.al., 2009, 2015 and 2016) while the 
qualitative test confirmed the presence of SO4

2- 

evidenced by the formation of white precipitate 
insoluble in excess dilute HCl when BaCl2 was 
added to the solution of the product of the 
reaction. 
 

 
 
Figure 1: Plot of Absorbance versus mole ratio 
for the reaction of [CoIIEDTA]2- with S2O8

2ˉ  
 
The pseudo – first order plot (Figure 2) was linear 
to more than 70 % extent of reaction which 
suggests a first order dependence of rate on 
[CoIIEDTA2-]. Also the slope (0.98) of the 
logarithmic plot of k1 versus [S2O8

2-] showed that 
the reaction is first order with respect to [S2O8

2-]. 
Hence, the reaction is second order overall. The 
second order rate constants, k2 were fairly 
constant (Table 1.0) and equation (3) give the 
rate law for the reaction  
 
    (   )      

  
 

      (  )            
       (3.0) 

 
Where 

   (         )                 
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Table 1: The pseudo-first order and second order rate constants for the reaction of [CoIIEDTA]2- and S2O8
2- 

at [CoIIEDTA2-]-= 5.0   10-3mol dm-3, T = 25 ± 1°C and λmax = 520 nm 

103[S2O8
2-], 103[H+] 103[Ag+] 10 NaNO3 103kobs 102k2 

mol dm-3 mol dm-3 mol dm-3 mol dm-3 s-1 
 

dm3mol-1s-1 

30 10 10 50 2.9 9.7 
35 10 10 50 3.5 9.9 
40 10 10 50 3.9 9.8 
45 10 10 50 4.4 9.7 
50 10 10 50 4.8 9.7 
55 10 10 50 5.3 9.7 
60 10 10 50 5.8 9.6 
65 10 10 50 6.3 9.7 
70 10 10 50 6.7 9.5 
50 10 2.5 50 1.4 2.8 
50 10 5.0 50 2.8 5.5 
50 10 10 50 4.8 9.7 
50 10 20 50 7.1 14.3 
50 10 40 50 12.9 25.8 
50 2.5 10 50 4.5 9.1 
50 5.0 10 50 4.8 9.6 
50 10 10 50 4.8 9.6 
50 20 10 50 4.5 9.1 
50 40 10 50 4.5 9.1 
50 10 10 30 4.6 9.2 
50 10 10 40 4.8 9.7 
50 10 10 50 4.8 9.7 
50 10 10 60 4.8 9.7 
50 10 10 70 4.6 9.2 

 
 

 
 
Figure 2: Typical pseudo-first order Plot for the 
reaction of [CoIIEDTA]2- with S2O8

2ˉ 
 

The reaction rate neither showed dependence on 
the concentration of acid ([H+]) nor significant 
effect on change in ionic strength (Tables 1) of 
the reaction medium. However, the rate of the 
reactions increased in a first order manner with 

increase in catalyst, (Ag⁺) concentration within 
the range investigated. Also, plot of k2 versus 

[Ag⁺] was linear with zero intercept (Figure 3). 
The catalyst dependent rate constant can be 
represented as: 
 

                         (4.0) 
Where a = 5.90 × 10-2 dm3 mol-1 s-1 



Nigerian Journal of Basic and Applied Science (December, 2018), 26(2): 45-53 

49 

 
 

Figure 3: Plot of k2 versus 103[Ag⁺] for the 
reaction of [CoIIEDTA]2- with S2O8

2ˉ 
 
The overall rate equation in the acid and catalyst 
concentration range investigated is: 
    (   )      

  
 

(      )   (  )            
    (5.0) 

The rate of reaction was found to increase with 
addition of formate ion while negligible effect was 
observed upon addition of K+ ion (Table 2).  
 
Table 2: Effect of added ions on the reaction rate 
of [CoIIEDTA]2- with S2O8

2- at [CoIIEDTA2-] = 5.0 × 
10-3 mol dm-3, [S2O8

2ˉ] = 5.0 × 10-2 mol dm-3, I = 
0.5 mol dm-3, [Ag+] = 1.0 × 10-2 mol dm-3, T = 26 
± 1ᴼC and λmax = 520 nm 

X 
 

102 [X],  
mol dm-3 

103 kobs,  
s-1 

102 k2,  
dm3 mol-1 s-1 

HCOO- 0.0 4.84 9.67 

 
1.0 5.07 10.13 

 
2.0 5.99 11.98 

 
3.0 6.45 12.90 

 
4.0 6.68 13.36 

 
5.0 7.14 14.28 

K+ 0.0 4.84 9.67 

 
1.0 4.74 9.48 

 
2.0 4.74 9.48 

 
3.0 4.75 9.50 

 
4.0 4.75 9.50 

 
5.0 4.74 9.48 

 

From the temperature dependent study (Table 3) 
and Eyring plot (Fig.4), the enthalpy, ∆H* = + 
39.27 kJ mol-1 and entropy, ∆S* = -136.73 JK-1 
mol-1 of activation were obtained. 
 
Table 3: Activation parameters of the reaction of 
[CoIIEDTA]2- with S2O8

2- at [CoIIEDTA2-] =  
5.0× 10-3 mol dm-3, [S2O8

2ˉ] = 5.0 × 10-2 mol dm-3, 
I = 0.5 mol dm-3, [Ag+] = 1.0 × 10-2 mol dm-3,  
T = 26 ± 1ᴼC and λmax = 520 nm 

Temperature, 
K 

103 kobs, 
s-1 

102 k2, dm3mol-1s-1 

309 5.3 10.59 
319 8.98 17.96 
329 14.28 28.56 

  
∆H* = 
+39.27 
kJmol-1 

∆S* = -136.73 JK-

1mol-1 

 

 
 

Figure 4: Plot of ln (
  

 
) versus 

 

   
 for the 

reaction of [CoIIEDTA]2- with S2O8
2- 

 
Free radical specie was detected in the reaction 
by the formation of gelatinous precipitate upon 
addition of 5.0 cm3 acrylamide followed by 
excess methanol. 
The Michaelis-Menten type plot of 1/kobs versus 
1/[oxidant] was linear with zero intercept (figure 
5). 
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Figure 5: Michaelis-Menten type plot for the 
reaction of [CoIIEDTA]2- with S2O8

2- 
 
DISCUSSION 
The stoichiometry of 2:1 obtained in this study is 
in agreement with the result of oxidation of Co(II) 
complexes (Banerjee and Pujari, 1981, Onu 
et.al., 2009, 2015) and for the reaction of 
transition metal complex with persulphate ion 
(Gupta, 1986). Based on the stoichiometry, a two 
electron reduction of the persulphate ion to yield 
SO4

2- ion product is envisaged. The envisaged 
SO4

2- product was confirmed qualitatively by the 
formation of white precipitate insoluble in excess 
dilute HCl when BaCl2 was added to the solution 
of the reaction product. Co(III) as a product was 
confirmed electronically by its characteristic two 
λmax at 382 nm and 536 nm (Mansour, 2003; 
Perveen et al., 2013 and Onu et.al., 2009, 2015 
and 2016) when the spectrum of the solution of 
the product of the reaction was scanned.  
 
The results of the kinetic study showed first order 
dependence with respect to both [Co(II)EDTA2-] 
and [S2O8

2-]. Similar first order dependence on 
[S2O8

2-] was reported on its redox reaction with 
malachite green (Mohammed et al., 2010).  
 
Variation of hydrogen ion concentration showed 
no effect on the reaction rate implying that 
protonation or deprotonation of any of the 
reactant species was unimportant during the 
course of the reaction. Gupta and Ghosh (1959), 
Banerjee and Pujari (1983) and Rao et.el., (1987) 

obtained similar result for the redox reaction of 
S2O8

2-. However the reaction is first order with 
respect to catalyst concentration. The 
dependence of reaction on the concentration of 
catalyst is common for the redox reaction 
involving persulphate ion (Gupta 1986) since 
transition metal catalyst such as Ag(I) (Ayoko et. 
al.,1992; Gong and Lin, 2011) and Fe(II) (Tang 
et.al, 2015) activate the persulphate ion so as to 
facilitate its reduction. Despite the very high 
redox potential (E = +2.12 V) of persulphate ion 
(Burgess, 1999), its electron transfer reaction is 
slow due to the strong -O-O- bond present  which 
should be broken enroute the formation of the 
SO4

2- product. Hence the role of the catalyst in 
this titled reaction becomes very germane. 
 
The rate of the reaction surprisingly showed no 
significant effect with change in ionic strength of 
the reaction medium in the concentration range 
investigated (Tables 1) suggesting a zero 
Bronsted-Debye salt effect (Benson, 1969). Such 
salt effect can be occasioned when the activated 
complex is composed of either one or both 
neutral reactant partners (Atkins and de Paula, 
2002) or due to ion pair effect. Given that the 
redox partners are divalent anions coupled with 
acid independent nature of the reaction, 
obtaining neutral species to give zero Bronsted-
Debye effect seems remote. The zero Bronsted-
Debye effect may have been occasioned by ion-
pair effect. This tendency is further supported by 
the negative value of activation entropy (ΔS* = -
155.88 J K-1 mol-1) which is indicative of a more 
ordered activated complex. Free radical test was 
positive which indicated the presence of free 
radical specie in one of the reaction steps. 
 
Michaelis - Menten plot of 1/kobs versus 1/[S2O8

2-] 
had zero intercept which suggests the absence 
of an intermediate complex in the rate 
determining step. Rationalizing the above results 
therefore, the reaction is possibly occurring 
through the outer-sphere mechanism via an ion 
pair: The mechanistic scheme below explain the 
experimental data. 
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   ,              (6.0) 
 

   (  )        +         
       (   )           

            
              (7.0) 

 

   (  )           
     

           (   )            
            (8.0) 

 
    (   )      

  
       (  )                 

             (9.0) 

 

But          
            

                       (10.0) 
 

    (   )      

  
  (         )   (  )            

            (11.0) 

 
Which is in analogues to E   4.0, where           
 
CONCLUSION 

The kinetics of oxidation of (   (  )       ) 
by silver-activated persulphate ion in a ueous 
nitric acid medium have been studied. 
Stoichiometric study showed that two moles of 
the reductant were consumed by one mole of the 
Oxidant. The rate of reaction was independent on 
the concentration of acid, but varied linearly with 
catalyst concentration. The reaction displayed 
zero salt effect which was rationalized in terms of 
ion-pair effect. The Michaelis-Menten’s plot gave 
zero intercept indicating the absence of 
intermediate complex. Also the activation 
parameters calculated are: ∆H* = +39.27 kJ mol-
1 ∆S* = -1336.73 JK-1 mol-1. Based on the 
experimental evidences the reaction is proposed 
to occur by the outer-sphere mechanism via an 
ion pair route.  
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