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Abstract 

Copper(II) catalysed reduction of aminocarboxylatocobaltate(III) ion (hereafter referred 

to as [CoEDTA]
–
) and aminocarboxylatocobalt(III) complex (hereafter referred to as 

[Co(HEDTA)OH2]) by L-ascorbic acid (hereafter referred to as H2A) and Hydrazine (hereafter 

referred to as N2H4)  have been spectrophotometrically studied in aqueous acidic medium.  

Stoichiometric studies gave a mole ratio of 2:1 for [CoEDTA]
– 

: H2A, [CoEDTA]
–
 : N2H4, and 

[Co(HEDTA)OH2] : N2H4 systems, but 1:1 for the [Co(HEDTA)OH2] : H2A system respectively. 

A first order with respect to the concentrations of each reactant was obtained for the [CoEDTA]
– 

– H2A, [CoEDTA]
–
 – N2H4, and [Co(HEDTA)OH2] – N2H4 systems. For the [Co(HEDTA)OH2] 

– H2A system, a first order with respect to [Co(HEDTA)OH2] and a half order with respect to 

[H2A] was obtained. Further kinetic studies on the effect of [H
+
] and [Cu

2+
] gave result which 

conforms to the following rate equations: 

                                                            

                                                                   

                                 

       

a = 3.47 × 10
-4

 s
-1

 , b = 4.9 s
-1

, c = 18.25 s
-1

, d = 4.47 s
-1/2

 and e = 1.8 × 10
2
 s

-1
. 

Negative salt effects were observed for [Co(EDTA)]
–
 – H2A and [Co(EDTA)]

– 
– N2H4 systems 

while neutral salt effect were obtained for [Co(HEDTA)OH2] – H2A and [Co(HEDTA)OH2]– 

N2H4 systems respectively. The test for the effect of added ions showed catalysis for 



xx 
 

[Co(EDTA)]
–
 – H2A, [Co(HEDTA)OH2] – H2A and [Co(HEDTA)OH2] – N2H4 systems, and  no 

effect on [Co(EDTA)]
– 

– N2H4 reaction. Results from the thermodynamic measurements 

indicated that ΔH
‡
 = 72.75 kJ mol

-1
 and ΔS

‡
  43.65 JK

–1
 mol

–1
 for [Co(EDTA)]

–
 – H2A 

system,  ΔH
‡
 = 31.46 kJ mol

-1 
and ΔS

‡
 = –175.58 JK

–1
 mol

–1 
for [Co(EDTA)]

–
 – N2H4

 
system,  

ΔH
‡
 = 85.21 kJ mol

-1
 and ΔS

‡
 = 7.02 JK

–1
 mol

–1
 for [Co(HEDTA)OH2] – H2A system, ΔH

‡
 = 

82.89 kJ mol
-1

 and ΔS
‡
 = 17.13 JK

-1
 mol

-1
 for [Co(HEDTA)OH2] – N2H4

 
system respectively. 

The zero intercept obtained from the Michaelis – Menten plots, enhanced rate from added ions, 

and the absence of spectroscopically determinable intermediates led to the proposal that the 

[Co(EDTA)]
–
 – H2A and [Co(HEDTA)OH2] – N2H4

 
reactions occurred via the outer – sphere 

mechanism. However, the non – zero intercept on the Michaelis – Menten plot, the presence of a 

spectroscopically determinable intermediate, negative values of the entropy of activation and non 

– catalysis by added ions led to the suggestion that the [Co(EDTA)]
–
 – N2H4

 
reaction occurred 

via the inner –sphere mechanism. Both the outer – sphere and inner – sphere mechanisms have 

been proposed for the [Co(HEDTA)OH2] – H2A reaction due to non –zero intercept on the 

Michaelis – Menten plot, catalysis by added ions and positive values of activation entropy. 
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CHAPTER ONE 

1.0 INTRODUCTION 

Many electron transfer reactions occur naturally, and they have vast applications in 

modern chemistry, thus making the kinetic study in this area ever promising. In various kinetic 

studies, the rate of the reaction is often monitored by changing experimental conditions such as 

temperature, concentrations and pressure (Asperger, 2003). These changes in experimental 

conditions give good information that sheds light on the mechanism of such reactions and these 

mechanisms are generally classified into the outer – sphere and inner – sphere mechanisms 

(Twigg, 1983; Miessler et al., 2014). Of the many mechanisms obtained from kinetic studies, 

those involving metal complexes are of great interest, due to the wide applications of such metal 

complexes (Davies, 1982; Bazhko, 2009; Gamenera et al., 2013; Joseph et al., 2013; Jiewei et 

al., 2014). Many researchers investigated reduction of these metal complexes with various 

reductants in order to gain kinetic data, of the various reductants used; L-ascorbic acid and 

hydrazine have proven to be very potent. Works exist on the reduction of  these metal complexes 

by L-ascorbic acid (Laurence and Ellis, 1972; Kustin and Toppen, 1973; Pelizzetti et al., 1978; 

Lappin, 1981; Brzyska and Krol, 1988; El-Zaru and Hodali, 1990; Davis, 1992; Leal et al., 1993; 

Saha et al.,1995; Abdur-Rashid, 1996) and hydrazine (Carl et al., 1975; Sadagopa et al., 1975; 

Micheal et al., 1978; David, 1984; Sultan et al., 1985; Patapati et al., 1986; Zagal et al., 1986; 

Max et al, 1998; 1999; Rupa et al., 1999; Larsen et al., 2001; Jhimli et al., 2004; Zheng et al., 

2005; Mshelia et al., 2010; Ravi and Brian, 2012; Cantillo et al., 2013; Ghanbari et al., 2013; 

Streszewski et al., 2014; Shirin et al., 2016). In fact, there is a growing interest on the redox 

activity of these reductants with Co(III) complexes (Mondal and Banerjee, 2009; Majumdar, 

2010; Gain et al., 2011; Sadhana et al., 2014; 2015), due to the inert nature of some Co(III) 
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complexes towards redox reactions (Davis, 1992; Hemzeh, 2001) which in turn provides a 

promising field for researchers to explore the use of catalysts in enhancing reaction rates (Luty-

Blocho et al., 2013; Singh et al., 2014).  

1.1 Statement of Research Problem 

Co(III) aminocarboxylato complexes have vast industrial and pharmaceutical applications 

and are important antimicrobial agents. Their antimicrobial activities have been attributed to 

series of redox reactions involving the metal complexes with electron sensitive substrates 

accessible within intracellular bio – molecules of these microbes, which often leads to oxidative 

stress (Liu, 2002; Joseph et al., 2013). Furthermore, these complexes are useful in agricultural 

industries, as they have been used for top dressing in Co – deficient pastures. These complexes 

when mixed in little amount with fertilizers can be assimilated by Co – deficient plants, which is 

subsequently involved in important redox activities to facilitate effective plant growth (Sherrell, 

1990; Sekhon, 2003). Co(III) aminocarboxylato complexes can also be useful and can serve as 

models for vitamin B12 (cobalamine). The Co – N bonds found in both Co(III) aminocarboxylato 

complexes as well as cobalamine, and the fact that the central Co(III) metal ion in cobalamine is 

often reduced to Co(II) during bioactive processes makes Co(III) aminocarboxylato complexes 

useful models for studying redox processes as it relays to cobalamine. 

It is of interest to note however that even though there exist vast applications of these 

complexes which are in turn related to their redox activaties, the kinetic data on the redox 

reactions of these cobalt(III) aminocarboxylato complexes are scanty. The paucity of information 

as to their redox reactions have been linked to the slow rate and sometimes kinetically 

unfavourable nature of their redox reactions (Hamzeh, 2001; Sadhana et al., 2015). Therefore, 
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kinetic studies of the reaction of these complexes with ascorbic acid and hydrazine which 

involves the use of catalyst is embarked upon to get full insight into the mechanism that underlie 

the reaction. 

1.2 Justification of the Research 

It is established that Co(III) aminocarboxylato complexes have vast uses which are based 

on their redox properties. In spite of this, kinetic data on their redox reactions are scanty, there is 

therefore the need to study the kinetics of their reaction and consequently establish the 

mechanisms of these reactions. This will go a long way in enhancing their activities by 

effectively altering their reaction conditions and hence, optimising their usefulness. Moreover, 

the data generated from this study would satisfy the need to understand the redox processes 

involving Co(III) complexes in biological systems. In addition, unveiling the mechanism behind 

the redox processes of these stable cobalt(III) complexes hold great importance in the kinetic 

community, this is partly because the complexes are widely common. As inorganic reaction 

mechanism forms a basic curriculum of inorganic chemistry in various graduate and 

undergraduate courses, the findings in this study would therefore come in handy in bridging the 

ambiguity encountered while addressing the kinetics and mechanisms of Co(III) 

aminocarboxylato complexes. 

1.3 Aim of the Study 

The aim of this work is to study catalysed electron transfer reactions of [Co(EDTA)]
–
 and 

[Co(HEDTA)OH2] complexes with L-ascorbic acid and hydrazine monohydrate respectively. 

 

 



4 
 

 

1.4 Objectives of the Study 

     The stated aim would be achieved via the following objectives: 

a. To determine the stoichiometry and analyse the products of the reactions. 

b. To carry out kinetic and temperature dependent studies. 

c. To propose plausible mechanism for the reactions. 
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CHAPTER TWO  

2.0  LITERATURE REVIEW 

2.1 Ascorbic Acid 

Ascorbic acid commonly known as vitamin C with the molecular formula C6H8O6, is a 

white solid which dissolves in water to give a mildly acidic solution. It is a naturally 

occurring organic compound, since it is a biosynthetic product of many plants (Carlos et al., 

2000). The compound forms an essential part of a daily requirement of micronutrients in 

humans. Although many animals can synthesize the vitamin on their own, humans and other 

primates cannot, hence, a need for a daily intake of the vitamin (Lachapelle and Drouin, 2010). 

Ascorbic acid has a wide range of medicinal applications, from enhancing the response of body’s 

immune system and pulmonary function, to high degree of anticancer activity (Juan et al., 2012). 

The structure of ascorbic acid is given as; 

 

 

 

 

 

 

 

 

L-ascorbic Acid. C6H8O6 

https://en.wikipedia.org/wiki/Organic_compound
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2.1.1 Reactions of L-ascorbic acid 

The ability of ascorbic acid to serve as a good reductant is due to the presence of the 

group C(OH)=C(OH)-C=O, containing conjugated double bonds (Sadhana et al., 2015). Electron 

transfer reactions of ascorbic acid are of great interest in chemical and biological processes. 

Hence, works that seek to explore the reducing ability of ascorbic acid in both acidic and basic 

media with various inorganic and organic substrates exist (Lemma et al., 2002; Khan et al., 

2005; Pap et al., 2011; Sailani et al; 2011; Lawrence et al., 2012; Luty-Blocho et al., 2013). The 

reduction of Ni(IV), Ni(III), hexacynoferate(III) and oxime complexes by ascorbic acid have 

been well documented (Leal et al., 1993; Saha et al.,1995), also many works have been carried 

out on the reduction of some forms of Co(III) metal complexes by ascorbic acid (Majumdar, 

2010; Sadhana et al., 2014; 2015). 

The kinetics and mechanism of the reduction of [Co(en)2(1-amino-propane-2-

ol)(OH2)](ClO4)3 by ascorbic acid has been reported by Sadhana et al., (2015). The reaction was 

studied under pseudo – first order condition and the stoichiometry was found to be 1:1 of 

cobalt(III) complex to ascorbic acid. Temperature dependence study was carried out and the 

outer-sphere mechanism was proposed for the reaction. A similar mechanism was proposed for 

the Cu
2+

 catalysed reduction of bis(ethylenediamine)(1-amino-propane-2-ol)cobalt(III) 

perchlorate by ascorbic acid (Sadhana et al., 2014).  

2.2 Hydrazine Monohydrate 

Hydrazine monohydrate is a colourless liquid with a boiling point of 118 – 119 
0
C and a 

vapour pressure of 5 mmHg at 25 
0
C. The chemical formula for hydrazine monohydrate is 

N2H4.H2O, with a molecular structure given as: 
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 Hydrazine monohydrate has a wide range of applications as a raw material in the synthesis of 

organic (Jean-Pierre and Paul, 2002; Manolis and Mercouri, 2009) and industrial chemicals 

especially hydrogen gas (Sanjay and Qiang, 2013; Jiang et al., 2015), agricultural products (Patil 

and Tanu, 2014), medical drugs (Muhammad et al., 2013; Anca et al., 2015) as well as a 

propellant in board space vehicles (Suggs et al., 1979; Vieira et al., 2002). 

2.2.1 Reactions of hydrazine monohydrate 

It is generally understood that hydrazine is slightly basic in water, as it dissociates to give 

a hydroxide ion depicted in Equation (2.1) 

N2H4  +  H2O   →   N2H5
+
 + OH

–
                                                                                               (2.1) 

The hydrazinium ion (N2H5
+
) serves as a good reductant and in the presence of atmospheric 

oxygen, the major products are nitrogen gas, hydrogen gas, water and probably ammonia 

(Micheal et al., 1978). The catalytic reduction and decomposition of hydrazine was investigated 

by several researchers (Max et al, 1998; Larsen et al., 2001; Cantillo et al., 2013; Ghanbari  et 

al., 2013; Shirin et al., 2016). Interestingly, an important aspect of this catalytic reduction was 

observed not to follow a fixed chemical stoichiometry. This was attributed to the nature of 

catalyst and temperature of the electron transfer reaction (Zheng et al., 2005; Ghanbari  et al., 

2013). 

http://pubs.acs.org/author/Manos%2C+Manolis+J
http://pubs.acs.org/author/Kanatzidis%2C+Mercouri+G
http://pubs.rsc.org/en/results?searchtext=Author%3ASanjay%20Kumar%20Singh
http://pubs.rsc.org/en/results?searchtext=Author%3AQiang%20Xu
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Mechanism of the oxidation of hydrazine by tris(biguanide)manganese(IV) in aqueous acidic 

medium exists (Basab et al., 2005). In the report, Mn(IV) is reduced to Mn(II), the stoichiometry 

of 2:1 (Mn(IV) : hydrazine) was obtained. The kinetic study showed a first order with respect to 

the concentration of Mn(IV) complex. As expected, increasing the reaction pH resulted in an 

increase in the kobs values. The overall increase in rate accompanied by an increase in ionic 

strength (NaClO4), led to the suggestion that the active specie at the rate determining step is 

N2H5
+
 rather than the neutral N2H4. The inner – sphere mechanism was proposed for this 

reaction. Streszewski et al., (2014) established a similar mechanism while investigating the 

reaction of tetrachloroaurate(III) ions with hydrazine, the reaction was monitored using a 

combination of the classical UV–visible spectrophotometry and the stopped – flow technique. 

The reaction was first order with respect to Au(III) concentration, and activation enthalpy (ΔH
‡
 = 

30.9 ± 2.9 kJ mol
–1

) and entropy (ΔS
‡
 = −174.7 ± 9.5 JK

–1
 mol

–1
) were obtained from a 

temperature dependent study. 

2.3 Cobalt(III) Complexes 

2.3.1 Reactions of cobalt(III) complexes 

The reactions of cobalt(III) complexes involves majorly a one electron transfer to a single 

cobalt(III) ion in the complex, thereby reducing the Co
III

 to Co
II
. The rate of the reduction of 

cobalt(III) complexes is a function of the nature and size of the ligands (Hamzeh, 2001), and also 

depends greatly on the identity of the reductant (Tobe and Burgess, 1999). In most cases, the 

reactions of Co(III) complexes are often slow (Olayinka et al., 2006), this could be attributed to 

the high magnitude of Δoct that accompanies +3 cobalt ions. Notwithstanding, several works have 

been documented for the reduction of cobalt(III) complexes with both organic and inorganic 
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reductants (Hamzeh, 2001; Olayinka et al., 2006;  Asemave et al., 2012; Mandal et al., 2013; 

Sadhana et al., 2014; Singh et al., 2014). 

Kinetics and mechanism of electron transfer reaction of cobalt(III) complex by Fe
2+ 

ions 

in liposome (dipalmitoylphosphotidylcholine) vesicles has been studied (Nagaraj et al., 2015). 

The rate of the reaction was measured spectrophotometrically and the temperature was controlled 

using a water Peltier system. From the stoichiometric study, one mole of Co(III) reacted with one 

mole of Fe(II), the kinetic study indicated a first order dependence on Fe(II) and a second order 

overall. The temperature dependence study was carried out over a temperature range of 298 K to 

323 K, where the activation parameters where obtained. The comparison of [Fe(CN)6]
4‒

 and Fe
2+

 

ions as oxidants showed that the greater rate was observed with [Fe(CN)6]
4‒

 as oxidant, 

compared with Fe
2+

 ions. This was attributed to the strong π-acidic character of [Fe(CN)6]
4‒

 

compared to Fe
2+

 ions. The complexes used in this study are inert to substitution due to the non-

availability of a free coordination site for inner-sphere electron transfer reaction, an outer – 

sphere electron transfer process was hence proposed. Mohanty et al., (2014) also investigated the 

kinetics and mechanism of the oxidation of glutathione (GSH) by cis-(diaqua)-bis-

(ethylenediamine) cobalt(III) ion spectrophotometrically and proposed the outer – sphere 

mechanism for the reaction.  

The kinetics and mechanism of thiourea (TU) oxidation by [Co2(O2)(NH3)10]
5+

 complex 

was successfully studied by Osunlaja et al.,(2013). The stoichiometry established for the reaction 

conform to the overall Equation (2.2). 

(NH3)5Co(O2)Co(NH3)5
4+

 + (NH2)2C=S + 5H2O → 2Co
2+

 + (NH2)2C=O + 2H
+
 + 10NH3 + SO4

2-
.       (2.2) 
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Evaluating the evidences adduced for the reaction led to the conclusion that the reaction follows 

an outersphere mechanism. 

However, the ruthenium(III) catalyzed oxidation of d-glucose by 12–tungstocobaltate(III) 

gave a stoichiometry which conform to Equation (2.3). 

 

C6H12O6  +  2[Co
III

W12O40]
5-

    →  C5H10O5  + 2[Co
II
W12O40]

6-
  + CO + 2H

+
                          (2.3) 

 

Kinetic study showed a first order with respect to both Co(III) oxidant and Ru(III) catalyst, and a 

second order overall. Increase in the pH, ionic strength and dielectric constants of the reaction 

were accompanied by an increase in the respective rates. The temperature dependence study was 

carried out at 298 K – 313 K and the activation parameters (ΔH
‡ 

= 20.92 ± 3 kJ mol
-1

,                 

ΔS
‡ 

= –120.44 ± 2 JK
-1

 mol and ΔG
‡
 = 87.60 ± 2 kJ K

-1
 mol

-1
) for the reaction were obtained. 

The outersphere mechanism was proposed and the rate of the of the reaction was expressed as            

Rate = kobs[Co
III

W12O40
5-

]                                                                                                          (2.4) 

2.3.2 Cobalt(III) complexes of aminocarboxylates 

Aminocarboxylates are forms of ligands having one or more amine group(s) bonded to 

two or more carboxylic groups, such ligands have been documented in earlier works (Juranic et 

al., 2006; Curie et al.,2009). Thus cobalt(III) Complexes of aminocarboxylates that are 

considered in this work are aminocarboxylatocobaltate(III) ion [Co(EDTA)]
‒

 and 

aminocarboxylatocobalt(III) complex [Co(HEDTA)OH2]. 
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[Co(EDTA)]
–
      (C10H12CoN2O8) 

 

 

 

       [Co(HEDTA)OH2]        (C10H17CoN2O8) 

 

The reduction of these metal complexes has been studied (Liu et al., 2002; 

Paraneeiswaran et al.,2014; Singh et al., 2015; Paraneeiswaran et al., 2015; 2016). However, 

these studies were concerned with the reduction of cobalt(III) aminocarboxylato complexes by 

active microorganisms such as Pseudomonas aeruginosa, Bacillus licheniformis, etc. It is of 

interest to note that literature on the mechanism of the kinetic reduction of [Co(EDTA)]
–
 and 

[Co(HEDTA)OH2] by either organic or inorganic reductants are scanty. William et al., (1991) 

successfully studied the kinetics of aqueous [Co(HEDTA)OH2]
–
 oxidation by [Co(EDTA)]

–
 at 

varied pressure. In this study, kinetic data were obtained spectrophotometrically, at a constant 



12 
 

ionic strength of 0.5 mol dm
-3

 (NaClO4). It was found that the order was first order with respect 

to both Co
II
 and Co

III
, and a second order overall, the mechanism of this reaction was 

rationalized to follow the outer – sphere scheme. 

Most reactions of cobalt(III)aminocarboxylato complexes are relatively slow; this is due 

to high stability of these complexes as they are made up of good chelating polydentate ligands. 

The nature and size of these ligands coupled with the high oxidation state of the metal that form 

such complexes causes a large magnitude of splitting (Δoct), thus electron donated by a reductant 

has to be filled into a higher energy eg orbital, this is less likely to occur hence a slow nature of 

the redox  process. Furthermore, the large and bulky size of aminocarboxylato ligands makes 

electron tunneling through it an entirely slow process, since rate of electron transfer reactions 

depend on rate of electron tunneling, these ligands contribute to the slow rate observed in these 

complexes (Hamzeh, 2001; James, 2002). 
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CHAPTER THREE 

3.0 MATERIALS AND METHODS 

3.1 Materials 

All solutions were prepared with distilled water. Analytical grade reagents were used 

throughout the period of investigation. Cobaltous  nitrate, hydrogen peroxide and disodium salt 

of EDTA (Sigma-Aldrich) were used to prepare [Co(EDTA)]
–
, while cobaltous chloride, 

hydrogen peroxide, sodium hydroxide and HEDTA salt (M & B) were used to prepare 

[Co(HEDTA)OH2], the reductants used were L-ascorbic acid (BDH) and 98 % hydrazine 

monohydrate (Sigma-Aldrich). 

Sulphuric acid (Sigma-Aldrich) was used to maintain [H
+
] for the [Co(EDTA)]

–
– H2A 

system, while perchloric acid (Sigma-Aldrich) was used for the reactions of [Co(EDTA)]
–
– 

N2H4, [Co(HEDTA)OH2] – H2A, and [Co(HEDTA)OH2] – N2H4. Sodium sulphate was used to 

maintain a constant ionic strength for each run in the [Co(EDTA)]
–
– H2A system, while sodium 

perchlorate was used for [Co(EDTA)]
–
– N2H4, [Co(HEDTA)OH2] – H2A, and 

[Co(HEDTA)OH2] – N2H4, systems. Copper sulphate was used as catalyst, and acrylamide with 

methanol was used to test for free radical in all the reactions. 

Kinetic investigations were carried out using a Corning Colorimetre 252 model equipped 

with a Grant JB1 thermostated water bath. Rate of the reaction was monitored with a digital stop 

watch. 
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3.1.1 Preparation of cobalt(III) complex solutions 

3.1.1.1 Preparation of [Co(EDTA)]
–
 solution 

The complex was prepared from cobaltous nitrate and ethylenediaminetetraacetic acid 

disodium salt, according to the method of Szabolcs et al,. (2005). Accurately weighed 7.29 g of 

[Co(H2O)6](NO3)2 and 9.32 g of Na2.H2EDTA.2H2O were added to 50 cm
3
 of water, 3.0 ml of 

30 % H2O2 was added to oxidise the Co(II) to Co(III). The solution was then boiled for an hour 

and transferred into a 100 cm
3
 volumetric flask and made up to the mark to obtain 0.5 mol dm

-3
 

Na[Co(EDTA)]. The complex was characterised using UV/Visible spectrophotometre between 

wavelength ranges of 300 – 600 nm.  

3.1.1.2 Preparation of [Co(HEDTA)OH2] solution 

The complex was prepared according to the method of Dézsi et al,.(1976), with some 

minor modification. A 10.0 g of CoCl2.6H2O was dissolved in a beaker containing 100 cm
3
 of 

distilled water, the solution was then oxidised using 3.0 ml of 30 % H2O2. About 3.36 g of NaOH 

was then dissolved and added into the solution, and Co(OH)3 was formed as a precipitate, which 

was washed with ice cold water and dried in a desiccator. The dried Co(OH)3 (2.76 g) was mixed 

with 7.2 g of HEDTA in 60 cm
3 

of distilled water and was boiled for an hour. The solution was 

cooled, transferred into a 100 cm
3 

volumetric flask and made up to the mark with distilled water 

to obtain a 0.25 mol dm
-3

 [Co(HEDTA)OH2]. The complex was characterised using UV/Visible 

spectrophotometre with the UV/Visible spectrum scanned between wavelength ranges of 300 – 

600 nm.  

 



15 
 

3.1.2 Preparation of stock L-ascorbic acid solution 

Solution of ascorbic acid was prepared by dissolving 8.8 g of the solid ascorbic acid in 20 

cm
3
 of distilled water. The solution was then carefully transferred into a 50 cm

3
 volumetric flask 

and made up to the mark with freshly prepared distilled water to get a 1 mol dm
‒ 3

 ascorbic acid 

solution. 

3.1.3 Preparation of stock hydrazine solution 

Desired stock solution of hydrazine monohydrate was prepared by measuring 1.24 cm
3
 

into a 25 cm
3
 volumetric flask. It was then made up to the mark with freshly prepared distilled 

water to give a 1.0 mol dm
-3

 solution. 

3.1.4 Preparation of standard perchloric acid solution 

A 0.5 mol dm
‒ 3

 stock solution of perchloric acid was made from 70 % perchloric acid 

(Sigma-Aldrich) of density 1.66 g cm
-3

. The acid was prepared by transferring 4.32 cm
3
 of the  

70 % perchloric acid into 20 cm
3
 of water contained in a 100 cm

3
 volumetric flask and further 

made up to the mark with distilled water. The prepared acid was then standardised 

volumetrically using sodium carbonate as primary standard and phenolphthalein as indicator. 

3.1.5 Preparation of standard sulphuric acid solution 

A 0.05 mol dm
‒ 3

 stock solution of sulphuric acid (analar grade) was made by diluting 

98% sulphuric acid of specific gravity 1.84 g cm
-3

. The sulphuric acid was then standardised 

volumetrically using sodium carbonate as primary standard and phenolphthalein indicator. 

 



16 
 

3.1.6 Preparation of stock copper sulphate solution 

CuSO4 (0.1 mol dm
‒ 3

) was prepared by dissolving 2.5 g of CuSO4.5H2O with a 

molecular weight of 249.61 g mol
-1

 in 40 cm
3
 of distilled water; this was then transferred into a 

100 cm
3
 volumetric flask and made up to the mark with distilled water. 

3.1.7 Preparation of stock sodium perchlorate solution 

      Stock solution of sodium perchlorate was prepared by dissolving 35.13 g of NaClO4.H2O 

salt into 100 cm
3
 of distilled water contained in a beaker, the solution was then transferred into a 

250 cm
3
 volumetric flask and the beaker was serially rinsed into the flask, the transferred 

solution was made up with distilled water to obtain 2.0 mol dm
‒ 3

 salt solution. 

3.1.8 Preparation of stock sodium sulphate solution 

      A 14.20 g of weighted salt was transferred into a beaker and dissolved in 50 cm
3
 of 

distilled water; the solution was transferred to a 100 cm
3
 volumetric flask and made up to the 

mark with freshly prepared distilled water to obtain a 2.0 mol dm
‒ 3

 salt solution. 

3.1.9 Preparation of sodium carbonate solution 

      Stock solution of 0.10 mol dm
-3

 sodium carbonate was obtained by dissolving 1.06 g of 

Na2CO3 in 100 cm
3
 of distilled water. This solution was used as a primary standard in the 

standardisation of sulphuric and perchloric acids. 
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3.1.10 Preparation of salt solutions 

Stock solutions of sodium acetate, sodium formate, potassium perchlorate, lithium 

sulphate and zinc sulphate were prepared by dissolving a known weight of each salt in a known 

volume of distilled water. 

3.2 Methods 

3.2.1 Stoichiometric studies 

      The stoichiometry of the reactions were determined by spectrophotometric titration, using 

the mole ratio method for both [Co(EDTA)]
–
 and [Co(HEDTA)OH2] systems. The concentration 

of [Co(EDTA)]
–
 and [Co(HEDTA)OH2] were kept constant at 3.0 × 10

-3 
mol dm

-3 
and 6.0 × 10

-3 

mol dm
-3 

respectively , [H
+
] = 1.0 × 10

-2 
mol dm

-3 
(for [Co(EDTA)]

–
 each with N2H4 and H2A 

systems) and 2.0 × 10
-2 

mol dm
-3 

( for [Co(HEDTA)OH2] with N2H4 and H2A systems). I = 0.05 

mol dm
-3

 and T = 25 ± 1
0
C for all the systems. Decrease in absorbance was monitored after 

every six (6) hours at λmax = 535 nm for [Co(EDTA)]
–
 systems, and λmax = 550 nm for  

[Co(HEDTA)OH2]  systems. [H2A] and [N2H4] ranged from (0.6 to 6.0) × 10
-3

 mol dm
-3

 for 

[Co(EDTA)]
– 

systems and (1.2 to 12.0) × 10
-3

 mol dm
-3

 for [Co(HEDTA)OH2] systems 

respectively. 

      The reacting mixtures were allowed to go to completion often indicated by steady value 

of absorbance observed over a period of two days. The final absorbances were taken and the 

graphs of absorbance against mole ratio were plotted, the stoichiometry was then evaluated from 

these graphs. 
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3.2.2 Kinetic measurements 

      The rates of the reaction were monitored following the rate of decrease in absorbance of 

the complexes at λmax = 535 nm for [Co(EDTA)]
– 

systems
 
 and 550 nm for [Co(HEDTA)OH2] 

systems on a Corning Colorimetre 252 model. All kinetic measurements were performed under 

pseudo first order conditions with the concentration of both complexes maintained at 3.0 × 10
-3 

mol dm
-3 

and 6.0 × 10
-3 

mol dm
-3

 for
 
[Co(EDTA)]

–
 and [Co(HEDTA)OH2] respectively, the 

reductants were varied at least 10 – 20 folds in excess over that of the complexes. The following 

experimental conditions were maintained for the respective systems studied. 

–[Co(EDTA)]
–
 – H2A system: 

[H2A] = (0.3 – 2.4) × 10
-1

 mol dm
-3

, [H
+
] = 1.0 × 10

-3
 mol dm

-3
 (H2SO4), [Cu

2+
] = 5.0 × 10

-3
 mol 

dm
-3

 (CuSO4), I = 0.4 mol dm
-3

 (Na2SO4) and T = 299 ± 1K. 

–[Co(EDTA)]
–
 – N2H4 system: 

[N2H4] = (0.6 – 4.2) × 10
-1

 mol dm
-3

, [H
+
] = 2.0 × 10

-3
 mol dm

-3
 (HClO4), [Cu

2+
] = 6.0 × 10

-4
 

mol dm
-3

 (CuSO4), I = 0.45 mol dm
-3

 (NaClO4) and T = 298 ± 1K. 

–[Co(HEDTA)OH2] – H2A system: 

[H2A] = (1.2 – 8.4) × 10
-1

 mol dm
-3

, [H
+
] = 2.0 × 10

-3
 mol dm

-3
 (HClO4), [Cu

2+
] = 7.0 × 10

-3
 mol 

dm
-3

(CuSO4), I = 0.9 mol dm
-3

 (NaClO4) and T = 299 ± 1K. 

–[Co(HEDTA)OH2] – N2H4
 
system: 

[N2H4] = (0.6 – 4.2) × 10
-1

 mol dm
-3

, [H
+
] = 2.0 × 10

-3
 mol dm

-3
 (HClO4), [Cu

2+
] = 5.0 × 10

-4
 

mol dm
-3

 (CuSO4), I = 0.5 mol dm
-3

 (NaClO4) and T = 298 ± 1K. 
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      From the plots of log (At – A∞) against time (where A∞ and At are the absorbances at the 

end of the reaction and at time, t respectively), the slopes of the plots were obtained and the 

pseudo – first order rate constants (kobs) were determined. The second order rate constants (k2) 

were subsequently evaluated from the relation: 

k2 =  kobs/[reductant]
n
                                                                                                                  (3.1) 

where [reductant] = [H2A] or [N2H4] and n = order with respect to the reductant. 

3.2.3 Effect of [H
+
] on the reaction rate 

The effect of [H
+
] on the rate of the reactions was investigated by keeping the 

concentration of all other reactants constant while varying the [H
+
]. The following experimental 

conditions were maintained for the four systems: 

–[Co(EDTA)]
–
 – H2A system: 

[H2A] = 0.21 mol dm
-3

, [H
+
] = (0.5 – 10.0) × 10

-3
 mol dm

-3
 (H2SO4), [Cu

2+
] = 5.0 × 10

-3
 mol  

dm
-3

 (CuSO4), I = 0.4 mol dm
-3

 (Na2SO4) and T = 299 ± 1K. 

–[Co(EDTA)]
–
 – N2H4 system:

 

[N2H4] = 0.36 mol dm
-3

, [H
+
] = (0.5 – 3.5) × 10

-3
 mol dm

-3
 (HClO4), [Cu

2+
] = 6.0 × 10

-4
 mol dm

-3
 

(CuSO4),  I = 0.2 mol dm
-3

 (NaClO4) and T = 298 ± 1K. 

–[Co(HEDTA)OH2] – H2A system: 

[H2A] = 0.12 mol dm
-3

, [H
+
] = (2.5 – 40.0) × 10

-4
 mol dm

-3
 (HClO4), [Cu

2+
] = 7.0 × 10

-3
 mol  

dm
-3

 (CuSO4), I = 0.2 mol dm
-3

 (NaClO4) and T = 299 ± 1K. 
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 –[Co
III

(HEDTA)OH2] – N2H4 system: 

[N2H4] = 0.12 mol dm
-3

, [H
+
] = (1.0 – 7.0) × 10

-3
 mol dm

-3
 (HClO4), [Cu

2+
] = 5.0 × 10

-4
 mol dm

-3
 

(CuSO4), I = 0.5 mol dm
-3

 (NaClO4) and T = 298 ± 1K. 

      From the slope of the plot of log kobs against log [H
+
], the order with respect to hydrogen 

ion concentration in each reaction was obtained. Variations of acid dependent rate constants with 

[H
+
] were obtained by plotting a graph of k2 against [H

+
]. 

3.2.4 Effect of catalyst on the rate of the reaction 

      The effect of [Cu
2+

] was studied while keeping all other conditions constant, the observed 

experimental conditions are as outlined; 

–[Co(EDTA)]
–
 – H2A system: 

[H2A] = 0.21 mol dm
-3

, [H
+
] = 1.0 × 10

-3 
mol dm

-3 
(H2SO4), [Cu

2+
] = (3.0 – 15.0) × 10

-3 
mol dm

-3
 

(CuSO4), I = 0.4 mol dm
-3

 (Na2SO4) and T = 299 ± 1K. 

–[Co(EDTA)]
–
 – N2H4 system:  

[N2H4] = 0.36 mol dm
-3

, [H
+
] = 1.0 × 10

-3
 mol dm

-3
 (HClO4), [Cu

2+
] = (1.0 – 7.0) × 10

-4
 mol dm

-3 

(CuSO4),  I = 0.2 mol dm
-3

 (NaClO4) and T = 298 ± 1K. 

–[Co(HEDTA)OH2] – H2A system: 

[H2A] = 0.12 mol dm
-3

, [H
+
] = 2.0 × 10

-3
 mol dm

-3
 (HClO4), [Cu

2+
] = (6.0 – 9.0) × 10

-3
 mol dm

-3
 

(CuSO4), I = 0.2 mol dm
-3

 (NaClO4) and T = 299 ± 1K. 
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 –[Co(HEDTA)OH2] – N2H4
 
system: 

[N2H4] = 0.12 mol dm
-3

, [H
+
] = 2.0 × 10

-3
 mol dm

-3
 (HClO4), [Cu

2+
] = (3.0 – 6.0) × 10

-4
 mol dm

-3
 

(CuSO4), I = 0.5 mol dm-3 (NaClO4) and T = 298 ± 1K. 

3.2.5 Effect of ionic strength on the reaction rate  

      The effect of change in ionic strength of the reaction medium on the rate of the reaction 

was investigated over a range of (0.30 – 0.55) mol dm
-3

 using Na2SO4 for [Co(EDTA)]
–
 – H2A 

system. However, NaClO4 was used in the other three systems as follows; (0.20 – 0.55) mol dm
-3

 

for [Co(EDTA)]
–
 – N2H4

 
system, (0.3 – 0.9) mol dm

-3
 for [Co(HEDTA)OH2] – H2A system and 

(0.3 – 0.6) mol dm
-3

 for [Co(HEDTA)OH2] – N2H4
 
system. All other experimental conditions 

were kept constant during these studies. 
 

3.2.6 Effect of dielectric constant of reaction medium on the rate of the reaction 

The effect of changes in dielectric constant of the reaction medium on the reaction rate 

was investigated using acetone – water mixture by adding 0 – 0.12 cm
3
 of acetone (for H2A 

systems) and 0 – 0.10 cm
3
 of acetone (for N2H4

 
systems) to water in a 5 cm

3
 reaction vessel, 

while all other conditions were kept constant.  

The dielectric constant for the reaction medium was calculated as: 

D = DWater × VWater + DAcetone × VAcetone                                                                          (3.2) 

                    VWater + VAcetone 
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3.2.7 Effect of change in temperature on the reaction rate 

      The temperatures were varied across 313 K – 333 K for [Co(EDTA)]
–
 – H2A system,  

293 K – 313 K for [Co(EDTA)]
–
 – N2H4 system, 303 K – 323 K for [Co(HEDTA)OH2] – H2A 

system and 293 K – 313 K for [Co(HEDTA)OH2] – N2H4 system. All other experimental 

conditions were maintained, and a plot of ln k/T versus 1/T (using Eyring – Polanyi equation): 

ln  = ln  +  ‒                                                                                                                 

(3.3) 

this gave a slope and an intercept from which the activated parametres were estimated. 

3.2.8 Effect of added ions on the reaction rate 

      The effect of added ions on the reaction rate was studied by adding different ions of 

varied concentrations to the reaction systems, while keeping all other parametres constant. The 

ions added in each of the systems include: 

–[Co(EDTA)]
–
 – H2A system: 

CHOO
–
 (0.5 – 7.5) × 10

-2
 mol dm

-3
 (CHOONa), CH3COO

–
 (0.5 – 10.0) × 10

-2
 mol dm

-3
 

(CH3COONa), Li
+
 (0.5 – 8.5) × 10

-2
 mol dm

-3
 (Li2SO4), and Zn

2+
 (0.5 – 8.5) × 10

-2
 mol dm

-3
 

(ZnSO4). 

– [Co(EDTA)]
–
 – N2H4

 
system: 

(0 – 2.5) × 10
-2

 mol dm
-3

 for CHOO
–
 (CHOONa), CH3COO

–
 (CH3COONa) and K

+
 (KClO4). 
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–[Co(HEDTA)OH2] – H2A system: 

CHOO
–
 (1.5 – 10.0) × 10

-2
 mol dm

-3
 (CHOONa) and CH3COO

–
 (CH3COONa), K

+
 (0.5 – 3.5) × 

10
-2

 mol dm
-3

 (KClO4). 

 –[Co(HEDTA)OH2] – N2H4
 
system: 

(0 – 2.0) × 10
-2

 mol dm
-3

 for CHOO
–
 (CHOONa), CH3COO

–
 (CH3COONa) and K

+
 (KClO4). 

3.2.9 Test for intermediate complex 

      The spectra of the reaction mixtures were obtained over a wavelength range of 400 – 650 

nm. This was carried out in order to determine whether there is significant shift in λmax or 

enhancement of peak as the reaction progressed. Michaelis-Menten plot of 1/kobs versus 

1/[reductant] were also made. 

3.2.10 Test for free radical 

      To a partially reduced reaction mixture containing various concentrations of reductant 

and hydrogen ion for each system, about 5 cm
3
 of acrylamide was added and after 2 – 3 minutes, 

excess of methanol was added to initiate free radical polymerisation. A control experiment was 

carried out by repeating the process on each of the reactants separately. Formation of gelatinous 

precipitate in the partially reduced mixture indicates presence of free radicals. 

3.2.11 Products analysis 

3.2.11.1 Qualitative methods 
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      Qualitative test was carried out to determine if Co
2+

 ions were present in the product 

mixtures using potassium thiocynate according to the method developed by Hahn and Welcher 

(1963). Furthermore, test was carried out on the products of the N2H4
 
systems to check for the 

presence of NH3, according to the methods of Richard and Renfrow (1952). The method of 

Tipson (1945) was used to check for the presence of dehydroascorbic acid as a possible product 

of H2A oxidation, this involved reacting the final reaction product with pyrrole in excess 

trichloroacetic acid at 50 
0
C.  

3.2.11.2 Spectrophotometric methods 

The UV – visible spectrophotometre was used to scan the spectrum of the reaction 

product in the wavelengths range of 300 to 650 nm.  
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CHAPTER FOUR 

4.0 RESULTS 

4.1 Stoichiometry 

The results obtained from the stoichiometric investigations showed that two moles of 

[Co(EDTA)]
–
 were consumed by one mole of H2A and one mole of N2H4 respectively, while one 

mole [Co(HEDTA)OH2] was consumed by one mole of H2A, and two moles of 

[Co(HEDTA)OH2] were consumed by a mole of N2H4 respectively. The overall equations for 

these reactions are expressed by Equations 4.1 – 4.4. The titration curves from which these 

stoichiometries were obtained are also shown in Figures 4.1 – 4.4. 

 

2[Co(EDTA)]
–
  +  H2A  →  2[Co(EDTA)]

2–
  +  A  +  2H

+
                                                       (4.1) 

 

2[Co(EDTA)]
–  

+  N2H4  +  
1
/2O2   →  2[Co(EDTA)]

2– 
  +   N2   +  H2O  +  2H

+
                                    (4.2) 

 

[Co(HEDTA)OH2] +  H2A  →  [Co(HEDTA)OH2]
– 
 +  HA  +  H

+
                                          (4.3) 

 

2[Co(HEDTA)OH2] +  N2H4  +  
1
/2O2   →  2[Co(HEDTA)OH2]

–
  +  N2   +  H2O  +  2H

+
        (4.4) 
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Figure 4.1: Stoichiometric plot for the reduction of [Co(EDTA)]   (3.0 × 10
-3

 mol dm
‒ 3

) 

by H2A (0.6 – 6.6) ×10
-3

 mol dm
‒ 3

,   [H
+
] = 1.0 × 10

–3 
mol dm

−3
, I = 0.05 mol 

dm
–3

 (Na2SO4), CuSO4 = 2.0 × 10
-3

 mol dm
–3

, λmax = 535 nm, T = 299 ± 1K 

 

Figure 4.2: Stoichiometric plot for the reduction of [Co(EDTA)]   (3.0 × 10
-3 

mol dm
–3

)  

by N2H4 (0.6 – 6.6) × 10
-3

 mol dm
–3

, [H
+
] = 1.0 × 10

–3 
mol dm

−3
, I = 0.05 mol 

dm
–3

 (NaClO4), CuSO4 = 5.0 × 10
-4

 mol dm
–3

, λmax = 535 nm, T = 298 ± 1K 
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Figure 4.3: Stoichiometric plot for the reduction of  [Co(HEDTA)OH2]  (6.0×10
-3

 mol 

dm
–3

) by H2A (0.12 – 1.2) ×10
-2

 mol dm
–3

, [H
+
]= 2.0 × 10

–3 
mol dm

−3
, I = 0.05 

mol dm
–3

 (NaClO4), CuSO4=5.0×10
-4

 mol dm
–3

, λmax = 550 nm, T = 299 ± 1K 
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Figure 4.4: Stoichiometric plot for the reduction of [Co(HEDTA)OH2] (6.0 × 10
-3

 mol 

dm
–3

) by N2H4 (0.12 – 1.2) ×10
-2

 mol dm
–3

, [H
+
] = 2.0 × 10

–3 
mol dm

−3
, I = 0.05 

mol dm
–3

 (NaClO4), CuSO4 = 5.0 × 10
-4

 mol dm
–3

, λmax = 550 nm, T = 298 ± 

1K 
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4.2 Determination of Order of the Reactions with Respect to the Reactants  

The typical pseudo – first order plots of log (At – A∞) versus time were linear and are 

shown in Figures 4.5 – 4.8. The linearity of these plot show that the order of reaction with 

respect to the complexes is one each. The pseudo – first order rate constants, kobs were evaluated 

from the slopes of these plots. From the kobs obtained, the second order rate constants k2 were 

evaluated. The respective values of kobs and k2 for all the systems are reported on Tables 4.1 – 4.4 

accordingly. 

The order of the reaction with respect to the concentration of the reductant for each of the 

system was obtained from the slope of the plots of log kobs versus log [reductants] (Figures 4.9 – 

4.12). The slopes obtained were: 1.02 for [Co(EDTA)]
– 

–H2A, 0.77 for [Co(EDTA)]
–
 – N2H4, 

0.48 for [Co(HEDTA)OH2] – H2A and 1.03 for [Co(HEDTA)OH2] − N2H4 respectively. 

These observations showed that the order of the reaction with respect to the reductants for 

the [Co(EDTA)]
– 

–H2A, [Co(EDTA)]
–
 – N2H4 and [Co(HEDTA)OH2] − N2H4

 
systems is one 

each, and their reaction with the Co(III) complexes  is second order overall. The order of the 

reaction with respect to the reductant for the [Co(HEDTA)OH2] – H2A system is however half 

order, and the reaction is one and half order overall. On the basis of the above observations, the 

rate laws for these reactions can therefore be written as: 

                                                        (4.6) 

                                                                        (4.7) 

                                                        (4.8) 
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Figure 4.5: Typical pseudo – first order plot for the redox reaction of [Co(EDTA)]
–
 with 

H2A at [Co
3+

] = 3.0 × 10
-3

 mol dm
-3

, [H2A] = 0.18 mol dm
-3

, [H
+
] = 1.0 × 10

-3
 

mol dm
-3

, I = 0.40 mol dm
-3 

(Na2SO4), [Cu
2+

] = 5.0 × 10
-3

 mol dm
-3

, λmax = 535 

nm and T = 299 ± 1K 
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Figure 4.6: Typical pseudo – first order plot for the redox reaction of [Co(EDTA)]
–
 with 

N2H4 at [Co
3+

] = 3.0 × 10
-3

 mol dm
-3

, [N2H4] = 0.12 mol dm
-3

, [H
+
] = 1.0 × 10

-3
 

mol dm
-3

, I = 0.45 mol dm
-3 

(HClO4), [Cu
2+

] = 6.0 × 10
-4

 mol dm
-3

, λmax = 535 

nm and T = 298 ± 1K 
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Figure 4.7: Typical pseudo-first order plot for the redox reaction [Co(HEDTA)OH2] 

with H2A at [Co
3+

] = 6.0 × 10
-3

 mol dm
-3

, [H2A] = 0.72 mol dm
-3

, [H
+
] = 2.0 × 

10
-3

 mol dm
-3

, I = 0.9 mol dm
-3 

(HClO4),[Cu
2+

] = 7.0 × 10
-3

 mol dm
-3

, λmax = 

550 nm and T = 299 ± 1K 
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Figure 4.8: Typical pseudo – first order plot for the redox reaction of [Co(HEDTA)OH2] 

with N2H4 at [Co
3+

] = 6.0 × 10
-3

 mol dm
-3

, [N2H4] = 0.24 mol dm
-3

, [H
+
] = 4.0 × 

10
-3

 mol dm
-3

, I = 0.5 mol dm
-3 

(HClO4), [Cu
2+

] = 5.0 × 10
-4

 mol dm
-3

, λmax = 

550 nm and T = 298 ± 1K 
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Table 4.1: Pseudo – first order and second order rate constants for the reduction of 

[Co(EDTA)]
–
 by H2A in aqueous H2SO4 medium at [Co

3+
] = 3.0 × 10

-3
 mol 

dm
-3

, λmax = 535 nm and T = 299 ± 1K 

10[H2A], 

mol dm
-3

 

10
3
[H

+
], 

mol dm
-3

 

10
3
[Cu

2+
], 

mol dm
-3

 

10[I], 

mol dm
-3

 

10
3
 kobs, 

s
-1

 

10
2
k2, 

dm
3
mol

-1
s

-1
 

0.30 1.00 5.00 4.00 0.29 0.97 

0.60 1.00 5.00 4.00 0.58 0.97 

0.90 1.00 5.00 4.00 0.88 0.98 

1.20 1.00 5.00 4.00 1.18 0.98 

1.50 1.00 5.00 4.00 1.48 0.99 

1.80 1.00 5.00 4.00 1.82 1.00 

2.10 1.00 5.00 4.00 2.14 1.02 

2.40 1.00 5.00 4.00 2.38 0.99 

2.10 0.50 5.00 4.00 1.98 0.94 

2.10 1.00 5.00 4.00 2.14 1.02 

2.10 2.00 5.00 4.00 1.94 0.92 

2.10 4.00 5.00 4.00 2.23 1.06 

2.10 6.00 5.00 4.00 2.12 1.00 

2.10 8.00 5.00 4.00 2.17 1.03 

2.10 10.00 5.00 4.00 2.26 1.07 

2.10 1.00 3.00 4.00 1.33 0.63 

2.10 1.00 5.00 4.00 2.14 1.02 

2.10 1.00 7.00 4.00 3.25 1.55 

2.10 1.00 9.00 4.00 4.56 2.17 

2.10 1.00 11.00 4.00 5.74 2.73 
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2.10 1.00 13.00 4.00 6.93 3.30 

2.10 1.00 5.00 3.00 5.36 2.55 

2.10 1.00 5.00 3.50 2.99 1.42 

2.10 1.00 5.00 4.00 2.14 1.02 

2.10 1.00 5.00 4.50 1.43 0.68 

2.10 1.00 5.00 5.00 1.18 0.56 

2.10 1.00 5.00 5.50 1.06 0.51 

 

 

 

 

 

Table 4.2: Pseudo – first order and second order rate constants for the reduction of 

[Co(EDTA)]
–
 by N2H4 in aqueous HClO4 medium at [Co

3+
] = 3.0 × 10

-3
 mol 

dm
-3

, λmax = 535 nm and T = 298 ± 1K 

10[N2H4], 

mol dm
-3

 

10
3
[H

+
], 

mol dm
-3

 

10
4
[Cu

2+
], 

mol dm
-3

 

10[I], 

mol dm
-3

 

10
3
 kobs, 

s
-1

 

10
2
k2, 

dm
3 

mol
-1 

s
-1

 

0.06 1.00 6.00 4.50 1.20 1.03 

0.12 1.00 6.00 4.50 2.14 1.08 

0.18 1.00 6.00 4.50 2.97 1.10 

0.24 1.00 6.00 4.50 3.75 1.12 

0.30 1.00 6.00 4.50 4.32 1.09 

0.36 1.00 6.00 4.50 4.73 1.03 

0.42 1.00 6.00 4.50 5.31 1.03 

1.80 0.50 6.00 4.50 2.99 1.11 

1.80 1.00 6.00 4.50 2.97 1.10 
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1.80 1.50 6.00 4.50 3.01 1.12 

1.80 2.00 6.00 4.50 2.96 1.10 

1.80 2.50 6.00 4.50 2.93 1.09 

1.80 3.00 6.00 4.50 3.01 1.12 

1.80 3.50 6.00 4.50 2.90 1.08 

1.80 1.00 5.00 4.50 2.50 0.93 

1.80 1.00 6.00 4.50 2.97 1.10 

1.80 1.00 7.00 4.50 3.61 1.34 

1.80 1.00 8.00 4.50 3.99 1.48 

1.80 1.00 9.00 4.50 4.54 1.69 

1.80 1.00 10.00 4.50 4.90 1.82 

1.80 1.00 11.00 4.50 5.48 2.04 

1.80 1.00 6.00 2.00 4.48 1.67 

1.80 1.00 6.00 2.50 3.93 1.46 

1.80 1.00 6.00 3.00 3.75 1.39 

1.80 1.00 6.00 3.50 3.39 1.26 

1.80 1.00 6.00 4.00 3.19 1.19 

1.80 1.00 6.00 4.50 2.97 1.10 

1.80 1.00 6.00 5.00 2.57 0.96 

 

 

 

 

Table 4.3: Pseudo – first order and second order rate constants for the reduction of 

[Co(HEDTA)OH2] by H2A in aqueous HClO4 medium at [Co
3+

] = 6.0 × 10
-3

 

mol dm
-3

, λmax = 550 nm and T = 299 ± 1K 
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10[H2A], 

mol dm
-3

 

10
3
[H

+
], 

mol dm
-3

 

10
3
[Cu

2+
], 

mol dm
-3

 

10[I], 

mol dm
-3

 

10
3
 kobs, 

s
-1

 

10
2
k3/2, 

dm
3/2 

mol
-1/2 

s
-1/2

 

1.2 2.00 7.00 9.00 4.82 1.39 

1.8 2.00 7.00 9.00 5.87 1.38 

2.4 2.00 7.00 9.00 6.84 1.39 

3.0 2.00 7.00 9.00 7.64 1.39 

3.6 2.00 7.00 9.00 8.23 1.37 

4.2 2.00 7.00 9.00 8.81 1.36 

4.8 2.00 7.00 9.00 9.38 1.36 

1.2 0.25 7.00 2.00 5.41 1.56 

1.2 0.50 7.00 2.00 5.36 1.55 

1.2 0.75 7.00 2.00 5.11 1.48 

1.2 1.00 7.00 2.00 4.97 1.44 

1.2 1.25 7.00 2.00 4.90 1.42 

1.2 2.00 7.00 2.00 4.86 1.40 

1.2 4.00 7.00 2.00 4.83 1.39 

1.2 2.00 6.00 2.00 3.14 0.91 

1.2 2.00 6.50 2.00 3.81 1.10 

1.2 2.00 7.00 2.00 4.81 1.39 

1.2 2.00 7.50 2.00 5.15 1.49 

1.2 2.00 8.00 2.00 6.32 1.83 

1.2 2.00 8.50 2.00 7.20 2.08 

1.2 2.00 9.00 2.00 7.60 2.20 

1.2 2.00 7.00 3.00 4.13 1.19 
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1.2 2.00 7.00 4.00 4.57 1.32 

1.2 2.00 7.00 5.00 4.72 1.36 

1.2 2.00 7.00 6.00 4.65 1.34 

1.2 2.00 7.00 7.00 4.96 1.43 

1.2 2.00 7.00 8.00 4.83 1.39 

1.2 2.00 7.00 9.00 4.85 1.40 

 

 

 

 

Table 4.4: Pseudo – first order and second order rate constants for the reduction of 

[Co(HEDTA)OH2] by N2H4 in aqueous HClO4 medium at [Co
3+

] = 6.0 × 10
-3

 

mol dm
-3

, λmax = 550 nm and T = 298 ± 1K 

10[N2H4], 

mol dm
-3

 

10
3
[H

+
], 

mol dm
-3

 

10
4
[Cu

2+
], 

mol dm
-3

 

10[I], 

mol dm
-3

 

10
2
 kobs, 

s
-1

 

10
2
k2, 

dm
3 

mol
-1 

s
-1

 

0.60 4.00 5.00 5.00 0.58 9.67 

1.20 4.00 5.00 5.00 1.14 9.49 

1.80 4.00 5.00 5.00 1.76 9.79 

2.40 4.00 5.00 5.00 2.36 9.82 

3.00 4.00 5.00 5.00 2.95 9.83 

3.60 4.00 5.00 5.00 3.41 9.46 

4.20 4.00 5.00 5.00 4.45 10.59 

1.20 1.00 5.00 5.00 4.28 35.64 

1.20 2.00 5.00 5.00 2.07 17.25 

1.20 3.00 5.00 5.00 1.61 13.38 
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1.20 4.00 5.00 5.00 1.14 9.51 

1.20 5.00 5.00 5.00 0.95 7.87 

1.20 6.00 5.00 5.00 0.78 6.51 

1.20 7.00 5.00 5.00 0.65 5.43 

1.20 4.00 2.50 5.00 0.61 5.06 

1.20 4.00 5.00 5.00 1.14 9.50 

1.20 4.00 7.50 5.00 1.60 13.37 

1.20 4.00 10.00 5.00 2.07 17.22 

1.20 4.00 12.50 5.00 2.66 22.13 

1.20 4.00 15.00 5.00 3.40 28.35 

1.20 4.00 5.00 3.00 1.11 9.25 

1.20 4.00 5.00 3.50 1.13 9.42 

1.20 4.00 5.00 4.00 1.16 9.64 

1.20 4.00 5.00 4.50 1.15 9.61 

1.20 4.00 5.00 5.00 1.14 9.51 

1.20 4.00 5.00 5.50 1.14 9.51 

1.20 4.00 5.00 6.00 1.11 9.25 
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Figure 4.9: Plot of log kobs versus log [H2A] for the redox reaction of [Co(EDTA)]
–
 with 

H2A at [Co
3+

] = 3.0 × 10
-3

 mol dm
-3

, [H
+
] = 1.0 ×10

-3
 mol dm

-3
, I = 0.40 mol 

dm
-3 

(Na2SO4), [Cu
2+

] = 5.0 ×10
-3

 mol dm
-3

, λmax = 535 nm and T = 299 ± 1K 
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Figure 4.10: Plot of log kobs versus log [N2H4]  for the redox reaction of [Co(EDTA)]
–
  with 

N2H4 at [Co
3+

] = 3.0 ×10
-3

 mol dm
-3

, [H
+
] = 1.0 × 10

-3
 mol dm

-3
, I = 0.45 mol 

dm
-3 

(HClO4), [Cu
2+

] = 6.0 ×10
-4

 mol dm
-3

, λmax = 535 nm and T = 298 ± 1K 
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Figure 4.11: Plot of log kobs versus log [H2A] for the redox reaction of [Co(HEDTA)OH2] 

with H2A at [Co
3+

] = 6.0 × 10
-3

 mol dm
-3

, [H
+
] = 2.0 × 10

-3
 mol dm

-3
, I = 0.9 

mol dm
-3 

(HClO4), [Cu
2+

] = 7.0 × 10
-3

 mol dm
-3

, λmax = 550 nm and T = 299 ± 

1K 
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Figure 4.12: Plot of log kobs versus log [N2H4] for the redox reaction of  [Co(HEDTA)OH2] 

with N2H4 at [Co
3+

] = 6.0 × 10
-3

 mol dm
-3

, [H
+
] = 4.0 × 10

-3
 mol dm

-3
, I = 0.5 

mol dm
-3 

(HClO4), [Cu
2+

] = 5.0 × 10
-4

 mol dm
-3

, λmax = 550 nm and T = 298 ± 

1K 
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‒                                                            

(4.9) 

The second order rate and three and half rate constants for the various systems are; 

[Co(EDTA)]
–
 – H2A :   k2 = (9.88 ± 0.065) × 10

-3
 dm

3
 mol

-1
 s

-1 

[Co(EDTA)]
–
 – N2H4

 
:  k2 =  (1.57 ± 0.099) × 10

-2
 dm

3
 mol

-1 
s

-1
 

[Co(HEDTA)OH2] – H2A :  k3/2 = (1.38 ± 0.014) × 10
-2

 dm
3/2 

mol
-1/2

 s
-1/2

  

[Co(HEDTA)OH2] – N2H4
 
:  k2 = (9.81 ± 0.144) × 10

-2 
dm

3
 mol

-1
 s

-1
  

4.3 Effect of Hydrogen Ion Concentration on the Rate of the Reactions 

For the [Co(EDTA)]
–
 – [H2A], [Co(EDTA)]

–
 – N2H4 and [Co(HEDTA)OH2] – H2A 

systems, the rate of the reaction was found to be independent on the changes in the concentration 

of hydrogen ion, while the rate of reaction for the [Co(HEDTA)OH2] – N2H4 system was found 

to be inversely influenced by increase in the hydrogen ion concentration. These results are all 

contained in Tables 4.1 – 4.4. The least square plots of log kobs versus log [H
+
] gave a straight 

line, with the slope of – 0.95 for the [Co(HEDTA)OH2] – N2H4 system (Figure 4.13), this 

indicates an inverse first order dependence on [H
+
] for this reaction. The least square plots of k2 

versus [H
+
]

-1
 for the [Co(HEDTA)OH2] – N2H4

 
 system (Figure 4.14) was linear, without 

intercept and had a slope of 3.47 × 10
‒ 4 

s
‒ 1

. The acid dependent rate constant can be represented 

by Equation 4.10 for the [Co(HEDTA)OH2] – N2H4
 
system respectively, with “a” as the slope.   

k2 = a[H
+
]

-1
                                                                                                                               (4.10)  
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Figure 4.13: Plot of log kobs versus log [H
+
] for redox reaction of [Co(HEDTA)OH2] with 

N2H4 at [Co
3+

] = 6.0 × 10
-3

 mol dm
-3

, [N2H4] = 0.12 mol dm
-3

, I = 0.5 mol dm
-3 

(HClO4), [Cu
2+

] = 5.0 ×10
-4

 mol dm
-3

, λmax = 550 nm and T = 298 ± 1K 

 

Figure 4.14: Plot k2 versus [H
+
]
-1

 for the redox reaction of [Co(HEDTA)OH2] with N2H4 at 

[Co
3+

] = 6.0 × 10
-3

 mol dm
-3

, [N2H4] = 0.12 mol dm
-3

, I = 0.5 mol dm
-3

 

(HClO4), [Cu
2+

] = 5.0 ×10
-4

 mol dm
-3

, λmax = 550 nm and T = 298 ± 1K 
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4.4 Effect of Catalyst Concentration on the Rate of the Reactions 

The rates of reactions for all the systems increased with increase in catalyst concentration 

(Tables 4.1 – 4.4). The plots of log kobs versus log [Cu
2+

] gave a straight line, with the slopes of 

1.24, 1.13, 2.25 and 0.84 for  [Co(EDTA)]
–
 – H2A system, [Co(EDTA)]

–
 – N2H4 system, 

[Co(HEDTA)OH2] – H2A system and [Co(HEDTA)OH2] – N2H4 system respectively (Figures 

4.15 – 4.18), this indicates a first order with respect to the [Cu
2+

] for the [Co(EDTA)]
–
 – H2A 

system, [Co(EDTA)]
–
 – N2H4

 
system and [Co(HEDTA)OH2] – N2H4 system respectively, while 

a second order for the [Co(HEDTA)OH2] – H2A system was obtained.
 

The plots of k2 versus [Cu
2+

] for the other three systems and the plot of k3/2 versus [Cu
2+

]
2
 

for the [Co(HEDTA)OH2] – H2A system  were linear (Figures 4.19 – 4.22). The plot for the 

[Co(EDTA)]
–
 – H2A and [Co(HEDTA)OH2] – H2A systems both had intercepts on the x – axis, 

while that of [Co(EDTA)]
–
 – N2H4

 
and [Co(HEDTA)OH2] – N2H4 systems had no intercept. 

The catalyst dependent rate constants can thus be represented for [Co(EDTA)]
–
 – H2A 

system (Equation 4.11), [Co(EDTA)]
–
 – N2H4

 
system (Equation 4.12), [Co(HEDTA)OH2] – H2A 

system (Equation 4.13) and [Co(HEDTA)OH2] – N2H4 system (Equation 4.14) respectively. 

k2 = b[Cu
2+

]                                                                                                                              (4.11) 

k2 = c[Cu
2+

]                                                                                                                              (4.12) 

k3/2 = d[Cu
2+

]
2
                                                                                                                           (4.13) 

k2 = e [Cu
2+

]                                                                                                                             (4.14) 
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Figure 4.15: Plot of log kobs versus log [Cu
2+

] for the redox reaction of [Co(EDTA)]
–
 with 

H2A at [Co
3+

] = 3.0 × 10
-3

 mol dm
-3

, [H2A] = 0.21 mol dm
-3

, I = 0.4 mol dm
-3 

(Na2SO4), [H
+
] = 1.0 × 10

-3
 mol dm

-3
, λmax = 535 nm and T = 299 ± 1K 
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Figure 4.16: Plot of log kobs versus log [Cu
2+

] for the redox reaction of [Co(EDTA)]
–
 with 

N2H4
 
at [Co

3+
] = 3.0 × 10

-3
 mol dm

-3
, [N2H4] = 0.18 mol dm

-3
, I = 0.45 mol dm

-3 

(HClO4), [H
+
] = 1.0 × 10

-3
 mol dm

-3
, λmax = 535 nm and T = 298 ± 1K 

-2.7

-2.6

-2.5

-2.4

-2.3

-2.2

-3.35 -3.3 -3.25 -3.2 -3.15 -3.1 -3.05 -3 -2.95 -2.9

lo
g
 k

o
b

s

log [Cu2+]



51 
 

 

Figure 4.17: Plot of log kobs versus log [Cu
2+

] for the redox reaction of [Co(HEDTA)OH2] 

with H2A at [Co
3+

] = 6.0 × 10
-3

 mol dm
-3

, [H2A] = 0.12 mol dm
-3

, I = 0.9 mol 

dm
-3 

(HClO4), [H
+
] = 2.0 × 10

-3
 mol dm

-3
, λmax = 550 nm and T = 299 ± 1K 
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Figure 4.18: Plot of log kobs versus log [Cu
2+

] for the redox reaction of [Co(HEDTA)OH2] 

with N2H4 at [Co
3+

] = 6.0 × 10
-3

 mol dm
-3

, [N2H4] = 0.12 mol dm
-3

, I = 0.5 mol 

dm
-3 

(HClO4), [H
+
] = 4.0 ×10

-3
 mol dm

-3
, λmax = 550 nm and T = 298 ± 1K 
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Figure 4.19: Plot of k2 versus [Cu
2+

] for the redox reaction of [Co(EDTA)]
–
 with H2A at 

[Co
3+

] = 3.0 × 10
-3

 mol dm
-3

, [H2A] = 0.21 mol dm
-3

, I = 0.4 mol dm
-3 

(Na2SO4), 

[H
+
] = 1.0 × 10

-3
 mol dm

-3
, λmax = 535 nm and T = 299 ± 1K 
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Figure 4.20: Plot of k2 versus [Cu
2+

] for the electron transfer reaction of [Co(EDTA)]
–
 

with N2H4
 
at [Co

3+
] = 3.0 × 10

-3
 mol dm

-3
, [N2H4] = 0.18 mol dm

-3
, I = 0.45 mol 

dm
-3 

(HClO4), [H
+
] = 1.0 × 10

-3
 mol dm

-3
, λmax = 535 nm and T = 298 ± 1K 
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Figure 4.21: Plot of k2 versus [Cu
2+

] for the redox reaction of [Co(HEDTA)OH2] with 

N2H4 at [Co
3+

] = 6.0 × 10
-3

 mol dm
-3

, [N2H4] = 0.12 mol dm
-3

, I = 0.5 mol dm
-3 

(HClO4), [H
+
] = 4.0 ×10

-3
 mol dm

-3
, λmax = 550 nm and T = 298 ± 1K 
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Figure 4.22: Plot of k3/2 versus [Cu
2+

]
2
 for the redox reaction of [Co(HEDTA)OH2] with 

H2A at [Co
3+

] = 6.0 × 10
-3

 mol dm
-3

, [H2A] = 0.12 mol dm
-3

, I = 0.9 mol dm
-3 

(HClO4), [H
+
] = 2.0 × 10

-3
 mol dm

-3
, λmax = 550 nm and T = 299 ± 1K 
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 The overall rate equations for the various systems are represented in Equations 4.15 – 4.18. 

                                                               (4.15)               

                                                              (4.16)         

                                          (4.17) 

                                 (4.18) 

where a = 3.47 × 10
-4

 s
-1

 , b = 4.9 s
-1

, c = 18.25 s
-1

, d = 4.47 s
-1/2

 and e = 1.8 × 10
2
 s

-1
. 

4.5 Effect of Ionic Strength of the Reaction Medium on the Rate of the Reaction 

The effect of the change in ionic strength of the reaction medium on the reaction rate was 

investigated over the range of 0.30 – 0.55 mol dm
-3

 (Na2SO4) for [Co(EDTA)]
–
 – H2A system, 

0.2 – 0.5 mol dm
-3

 (HClO4) for [Co(EDTA)]
–
 – N2H4

 
system, 0.3 – 0.9 mol dm

-3
 (HClO4) for 

[Co(HEDTA)OH2] – H2A system and 0.3 – 0.6 mol dm
-3

 (HClO4) for [Co(HEDTA)OH2] – N2H4 

system respectively, while all other conditions were kept constant. There was a marked decrease 

in the rate of reactions with increase in ionic strength for [Co(EDTA)]
–
 – H2A and [Co(EDTA)]

–
 

– N2H4
 
systems (Table 4.1 – 4.2), while an increase in ionic strength concentration had no effect 

on the rate of reaction for both [Co(HEDTA)OH2] – H2A and [Co(HEDTA)OH2] – N2H4 systems 

(Table 4.3 – 4.4). The logarithmic plots of k2 against I
1/2

 are contained in Figures 4.23 – 4.24. 
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Figure 4.23: Plot of log k2 versus I
1/2

 for the redox reaction of [Co(EDTA)]
–
 with H2A at 

[Co
3+

] = 3.0 × 10
-3

 mol dm
-3

, [H2A] = 0.21 mol dm
-3

, [Cu
2+

] = 5.0 × 10
-3

 mol 

dm
-3

, [H
+
] = 1.0 × 10

-3
 mol dm

-3
, λmax = 535 nm and T = 299 ± 1K 
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Figure 4.24: Plot of log k2 versus I
1/2 

for the redox reaction of [Co(EDTA)]
–
 with N2H4

 
at 

[Co
3+

] = 3.0 × 10
-3

 mol dm
-3

, [N2H4] = 0.18 mol dm
-3

, [Cu
2+

] = 6.0 × 10
-4

 mol 

dm
-3

, [H
+
] = 1.0 × 10

-3
 mol dm

-3
, λmax = 535 nm and T = 298 ± 1K 
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4.6 Effect of Dielectric Constants of the Reaction Medium on the Rate of the   Reaction 

The dielectric constant (D) of the reaction medium was varied using acetone in 

accordance to Equation 3.2. As the dielectric constant of the reaction medium was decreasing, 

the rate of reaction was observed to increase for the [Co(EDTA)]
–
 – H2A system (Table 4.5), 

while the rate of reaction decreased for the [Co(EDTA)]
–
 – N2H4 (Table 4.6)

 
and 

[Co(HEDTA)OH2] – N2H4 (Table 4.7) systems respectively. Changes in the dielectric constant 

of the reaction medium had no effect on the rate of the reaction for the [Co(HEDTA)OH2] – H2A 

system. Typical plots of log k2 versus 1/D for the three reactions are shown in Figures 4.25 – 

4.27. 

4.7 Effect of Added Anions on the Rate of the Reaction 

The effect of added anions on the rate of reaction was investigated using CHOO
 –

 and 

CH3COO
 –

, within the concentration ranges of (0.5 – 7.5) × 10
‒ 2 

mol dm
‒ 3 

(CHOO
‒

 ) and (0.5 – 

10.0) × 10
‒ 2

 mol dm
‒ 3

 (CH3COO
‒

) for the [Co(EDTA)]
‒

 ‒  H2A system, (0 – 2.5) × 10
‒ 2

 mol 

dm
‒ 3 

 for the [Co(EDTA)]
‒

 ‒  N2H4 system, (1.5 – 10.0) × 10
‒ 2 

mol dm
‒ 3

 for the 

[Co(HEDTA)OH2] ‒  H2A system and (0 – 2.0) × 10
‒ 2 

mol dm
‒ 3

 for the [Co(HEDTA)OH2] ‒  

N2H4 system respectively. The rate of the reaction decreased with increase in anions 

concentration for the [Co(EDTA)]
–
 – H2A system (Table 4.8), and increased with increase in 

anion concentration for both [Co(HEDTA)OH2] – H2A (Table 4.10) and [Co(HEDTA)OH2] – 

N2H4 (Table 4.11) systems. The added anions had no effect on the rate of the reaction for the 

[Co(EDTA)]
–
 – N2H4 system (Table 4.9). The plots of the anion – dependent rate constants 

versus the anion concentrations were all linear and are contained in Figures 4.28 – 4.33. 
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Table 4.5: Pseudo – first order and second order rate constants for the effect of changes 

in dielectric constant of the medium on the reduction of [Co(EDTA)]
–
 by 

H2A, at [Co
3+

] = 3.0 × 10
-3 

mol dm
-3

, [H2A] = 0.21 mol dm
-3

, [Cu
2+

] = 5.0 × 10
-3

 

mol dm
-3

, I = 0.40 mol dm
-3 

(Na2SO4) and T= 299 ± 1 K 

D 10
2
 1/D 10

3
kobs, s

-1
 10

2
k2, dm

3
mol

-1
s

-1
 

80.10 1.25 

 

2.14 1.02 

79.10 1.26 

 

4.77 3.56 

78.00 1.28 

 

5.00 3.76 

77.00 1.30 

 

7.00 5.23 

76.00 1.32 

 

8.50 6.35 

74.90 1.34 

 

9.35 6.98 
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Table 4.6: Pseudo – first order and second order rate constants for the effect of changes 

in dielectric constant of the medium on the reduction of [Co(EDTA)]
–
 by 

N2H4, at [Co
3+

] = 3.0 × 10
-3 

mol dm
-3

, [N2H4] = 0.18 mol dm
-3

, [Cu
2+

] = 6.0 × 

10
-4 

mol dm
-3

, I = 0.45 mol dm
-3 

(NaClO4) and T= 298 ± 1 K 

D 10
2
 1/D 10

3
kobs, s

-1
 10

3
k2, dm

3
mol

-1
s

-1
 

80.100 1.248 2.970 11.020 

79.680 1.255 2.700 10.040 

79.260 1.262 2.300 8.550 

78.850 1.268 1.750 6.510 

78.430 1.275 1.320 4.910 

78.000 1.282 0.900 3.360 
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Table 4.7: Pseudo – first order and second order rate constants for the effect of changes 

in dielectric constant of the medium on the reduction of [Co(HEDTA)OH2]
 

by N2H4, at [Co
3+

] = 6.0 × 10
-3

 mol dm
-3

, [N2H4] = 0.12 mol dm
-3

,   [Cu
2+

] = 5.0 

× 10
-4 

mol dm
-3

, I = 0.5 mol dm
-3

 (NaClO4) and T = 298 ± 1K 

D 10
2
 1/D 10

3
 kobs, s

-1
 10

2
k2, dm

3
mol

-1
s

1
 

80.100 1.248 11.380 9.480 

79.720 1.254 8.740 7.290 

79.350 1.260 6.200 5.170 

78.900 1.267 4.210 3.500 

78.570 1.273 2.200 1.840 

78.220 1.278 0.920 0.770 
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Figure 4.25: Plot of k2 versus 1/D for the redox reaction of [Co(EDTA)]
 –  

with H2A at 

[Co
3+

] = 3.0 × 10
-3

 mol dm
-3

, [H2A] = 0.21 mol dm
-3

, I = 0.40 mol dm
-3

 

(Na2SO4) and T= 299 ± 1 K 
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Figure 4.26: Plot of k2 versus 1/D for the redox reaction of [Co(EDTA)]
 –  

with N2H4, at 

[Co
3+

] = 3.0 × 10
-3

 mol dm
-3

, [N2H4] = 0.18 mol dm
-3

, I = 0.45 mol dm
-3

 

(Na2SO4) and T= 298 ± 1 K
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Figure 4.27: Plot of k2 versus 1/D for the redox reaction of [Co(HEDTA)OH2] with
 
N2H4, 

at [Co
3+

] = 6.0 × 10
-3

 mol dm
-3

, [N2H4] = 0.12 mol dm
-3

, I = 0.5 mol dm
-3

 

(NaClO4) and T= 298 ± 1 K
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Table 4.8: Pseudo – first order and second order rate constants for the effect of added 

ions on the  reduction of [Co(EDTA)]
–
 by H2A in aqueous H2SO4 medium at 

[Co
3+

] = 3.0 × 10
-3

 mol dm
-3

, [H2A] = 0.21 mol dm
-3

, [H
+
] = 1.0 × 10

-3
mol dm

-3
, 

[Cu
2+

] = 5.0 × 10
-3 

mol dm
-3

, I = 0.4 mol dm
-3

 (Na2SO4), λmax = 535 nm and T = 

299 ± 1K 

X, mol dm
-3

 10
4
kobs , s

-1
 10

3
k2, dm

3
mol

-1
s

-1
 

10
2
[HCOO

–
]   

0.5 7.9 5.4 

2.5 5.1 3.5 

3.5 3.9 2.7 

5.0 2.2 1.5 

6.0 1.3 0.9 

7.5 0.7 0.5 

10
2
[CH3COO

–
]   

0.5 31.8 21.7 

2.5 23.0 15.7 

5.0 21.7 14.8 

7.5 16.6 11.3 

8.5 12.6 8.6 

10.0 8.5 5.8 

10
2
[Li

+
]   

0.5 7.6 5.2 

1.5 8.8 6.0 

2.5 9.9 6.8 

3.5 18.0 12.3 

5.0 22.3 15.2 
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7.5 31.3 21.3 

8.5 35.3 24.1 

10
2
[Zn

2+
]   

0.5 8.8 6.0 

1.5 19.5 13.3 

2.5 28.3 19.3 

3.5 33.9 23.1 

5.0 40.3 27.5 

7.5 53.1 36.2 

8.5 58.0 39.5 

 

 

 

Table 4.9: Pseudo – first order and second order rate constants for the effect of added 

ions on the reduction of [Co(EDTA)]
–
 by N2H4 in aqueous HClO4 medium at 

[Co
3+

] = 3.0 × 10
-3

 mol dm
-3

, [N2H4] = 0.18 mol dm
-3

, [H
+
] = 1.0 × 10

-3 
mol dm

-

3
, [Cu

2+
] = 6.0 × 10

-4 
mol dm

-3
, I = 0.45 mol dm

-3
 (NaClO4), λmax = 535 nm and 

T = 298 ± 1K 

X, mol dm
-3

 10
3
 kobs, s

-1
 10

2
 k2, dm

3
 mol

-1 
s

-1
 

10
2
[CHOO

–
]   

0 2.97 1.10 

0.50 2.98 1.10 

1.00 3.06 1.14 

1.50 2.83 1.05 

2.00 3.01 1.12 

2.50 2.86 1.06 

10
2
[CH3COO

–
]   
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0 2.97 1.10 

0.50 3.08 1.15 

1.00 2.96 1.10 

1.50 2.93 1.09 

2.00 2.94 1.09 

2.50 3.00 1.12 

10
2
[K

+
]   

0 2.86 1.06 

0.50 2.91 1.08 

1.00 2.91 1.08 

1.50 2.88 1.07 

2.00 2.79 1.04 

2.50 2.80 1.04 

 

 

 

 

 

 

 

 

 

Table 4.10: Pseudo – first order and second order rate constants for the effect of added 

ions on the reduction of [Co(HEDTA)OH2] by H2A in aqueous HClO4 

medium at [Co
3+

] = 6.0 × 10
-3

 mol dm
-3

, [H2A] = 0.12 mol dm
-3

, [H
+
] = 2.0 × 

10
-3 

mol dm
-3

, [Cu
2+

] = 7.0 × 10
-3 

mol dm
-3

, I = 0.9 mol dm
-3

 (NaClO4), λmax = 

550 nm and T = 299 ± 1K 
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X, mol dm
-3

 10
2
kobs, s

-1
 10

2
k3/2, dm

3/2 
mol

-1/2 
s

-1/2
 

10
2
[HCOO

–
]   

1.50 0.87 2.52 

3.00 1.49 4.31 

4.50 1.79 5.18 

6.00 2.20 6.36 

7.50 2.84 8.20 

9.00 3.28 9.46 

10.00 3.77 10.89 

10
2
[CH3COO

–
]   

1.50 1.20 3.48 

3.00 2.09 6.04 

4.50 3.35 9.68 

6.00 4.49 12.96 

7.50 5.34 15.41 

9.00 6.21 17.94 

10.00 7.30 21.08 

10
2
[K

+
]   

0.50 4.24 12.25 

1.00 4.01 11.56 

1.50 3.75 10.81 

2.00 3.29 9.50 

2.50 3.11 8.98 

3.00 2.71 7.81 
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3.50 2.32 6.71 

 

 

 

 

 

Table 4.11: Pseudo – first order and second order rate constants for the effect of added 

ions on the reduction of [Co(HEDTA)OH2] by N2H4 in aqueous HClO4 

medium at  [Co
3+

] = 6.0 × 10
-3

 mol dm
-3

, [N2H4]  = 0.12 mol dm
-3

, [H
+
] = 4.0 × 

10
-3 

mol dm
-3

, [Cu
2+

] = 5.0 × 10
-4 

mol dm
-3

, I = 0.5 mol dm
-3

 (NaClO4), λmax = 

550 nm and T = 298 ± 1K 

X, mol dm
-3

 10
3
 kobs, s

-1
 10

2
 k2, dm

3
 mol

-1 
s

-1
 

10
2
[CHOO

–
]   

0 11.38 9.48 

0.50 15.83 13.19 

1.00 24.08 20.07 

1.50 35.40 29.50 

2.00 41.04 34.20 

10
2
[CH3COO

–
]   

0 11.43 9.52 

0.50 17.52 14.60 

1.00 19.73 16.44 

1.50 22.42 18.68 

2.00 27.43 22.86 

10
2
[K

+
]   
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0 11.41 9.51 

0.50 9.44 7.86 

1.00 7.20 6.00 

1.50 5.37 4.47 

2.00 4.29 3.57 
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Figure 4.28: Plot of k2 versus [HCOO
–
] for the redox reaction of [Co(EDTA)]

 –  
with H2A, 

at [Co
3+

] = 3.0 × 10
-3

 mol dm
-3

, [H2A] = 0.21 mol dm
-3

, [Cu
2+

] = 5.0 × 10
-3

 mol 

dm
-3

  I = 0.40 mol dm
-3

 (Na2SO4) and T= 299 ± 1 K 
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Figure 4.29: Plot of k2 versus [CH3COO
–
] for the redox reaction of [Co(EDTA)]

 –  
with 

H2A, at [Co
3+

] = 3.0 × 10
-3

 mol dm
-3

, [H2A] = 0.21 mol dm
-3

, [Cu
2+

] = 5.0 × 10
-3

 

mol dm
-3

, I = 0.40 mol dm
-3

 (Na2SO4) and T= 299 ± 1 K
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Figure 4.30: Plot of k3/2 versus [HCOO
–
] for the redox reaction of [Co(HEDTA)OH2] with

 

H2A, at [Co
3+

] = 6.0 × 10
-3

 mol dm
-3

, [H2A] = 0.12 mol dm
-3

, [Cu
2+

] = 7.0 × 10
-3

 

mol dm
-3

, I = 0.9 mol dm
-3

 (NaClO4) and T= 299 ± 1 K 
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Figure 4.31: Plot of k3/2 versus [CH3COO
–
] for the redox reaction of [Co(HEDTA)OH2] 

with
 
H2A, at [Co

3+
] = 6.0 × 10

-3
 mol dm

-3
, [H2A] = 0.12 mol dm

-3
,    [Cu

2+
] = 

7.0 × 10
-3

 mol dm
-3

, I = 0.9 mol dm
-3

 (NaClO4) and T= 299 ± 1 K 
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Figure 4.32: Plot of k2 versus [HCOO
–
] for the redox reaction of [Co(HEDTA)OH2] with

 

N2H4, at [Co
3+

] = 6.0 × 10
-3

 mol dm
-3

, [N2H4] = 0.12 mol dm
-3

, [Cu
2+

] = 5.0 × 

10
-4 

mol dm
-3

, I = 0.5 mol dm
-3

 (NaClO4) and T= 298 ± 1 K 
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Figure 4.33: Plot of k2 versus [CH3COO
–
] for the redox reaction of [Co(HEDTA)OH2] 

with
 
N2H4, at [Co

3+
] = 6.0 × 10

-3
 mol dm

-3
, [N2H4] = 0.12 mol dm

-3
, [Cu

2+
] = 

5.0 × 10
-4 

mol dm
-3

, I = 0.5 mol dm
-3

 (NaClO4) and T= 298 ± 1 K 
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4.8 Effect of Added Cations on the Rate of the Reaction 

Li
+
 and Zn

2+
 were used to carry out the investigation of the parametre for [Co(EDTA)]

–
 – 

H2A system, an increase in the concentration of both cations led to increase in the reaction rate 

(Table 4.8). K
+
 was used for [Co(EDTA)]

–
 – N2H4, [Co(HEDTA)OH2] – H2A and 

[Co(HEDTA)OH2] – N2H4 systems.  Increase in the [K
+
] had no effect on the rate for the 

[Co(EDTA)]
–
 – N2H4 system (Table 4.9), while a marked decrease in the rates of the reactions 

for both [Co(HEDTA)OH2] – H2A (Table 4.10) and [Co(HEDTA)OH2] – N2H4 (Table 4.11) 

systems were observed. The plots of the cation – dependent rate constants versus the cation 

concentrations were linear and are contained in Figures 4.34 – 4.37. 

4.9 Effect of Change in Temperature on the Rate of Reaction 

The results obtained for the effect of the change in temperature on the reaction rate 

showed an increase in the rate of the reaction as the temperature rises for all the four (4) systems. 

These results are contained in Tables 4.12 – 4.15.  

Figures 4.38 – 4.41 show plots of  versus 1/T, which are linear, with - ΔH
‡
/R and 

ln(kb/h) + ΔS
‡
/R as the gradient and intercept respectively. The slope of  8750 with an 

intercept of 18.51 was recorded for the [Co(EDTA)]
–
 – H2A system, a slope of –3783.88 and an 

intercept of 2.98 for the [Co(EDTA)]
–
 – N2H4

 
system, a slope of  10248.5 with an intercept of 

24.604 for the [Co(HEDTA)OH2] – H2A system and a slope of –9961.76 and an intercept of 

25.80 for the [Co(HEDTA)OH2] – N2H4
 
 system respectively.  
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Figure 4.34: Plot of k2 versus [Li
+
] for the redox reaction of [Co(EDTA)]

 – 
with H2A, at 

[Co
3+

] = 3.0 × 10
-3

 mol dm
-3

, [H2A] = 0.21 mol dm
-3

, [Cu
2+

] = 5.0 × 10
-3

 mol 

dm
-3

, I = 0.40 mol dm
-3

 (Na2SO4) and T= 299 ± 1 K
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Figure 4.35: Plot of k2 versus [Zn
2+

] for the redox reaction of [Co(EDTA)]
 – 

with H2A, at 

[Co
3+

] = 3.0 × 10
-3

 mol dm
-3

, [H2A] = 0.21 mol dm
-3

, [Cu
2+

] = 5.0 × 10
-3

 mol 

dm
-3

, I = 0.40 mol dm
-3

 (Na2SO4) and T= 299 ± 1 K
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Figure 4.36: Plot of k3/2 versus [K
+
] for the redox reaction of [Co(HEDTA)OH2] with

  
H2A, 

at [Co
3+

] = 6.0 × 10
-3

 mol dm
-3

, [H2A] = 0.12 mol dm
-3

, [Cu
2+

] = 7.0 × 10
-3

 mol 

dm
-3

,  I = 0.9 mol dm
-3

 (NaClO4) and T= 299 ± 1 K 
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Figure 4.37: Plot of k2 versus [K
+
] for the redox reaction of [Co(HEDTA)OH2] with N2H4, 

at [Co
3+

] = 6.0 × 10
-3

 mol dm
-3

, [N2H4] = 0.12 mol dm
-3

, [Cu
2+

] = 5.0 × 10
-4 

mol 

dm
-3

, I = 0.5 mol dm
-3

 (NaClO4) and T= 298 ± 1 K
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Table 4.12: Pseudo – first order and second order rate constants for the effect of change 

in temperature on the reduction of [Co(EDTA)]
–
 by H2A at [Co

3+
] = 3.0 × 10

-3
 

mol dm
-3

 and λmax = 535 nm 

Temperature, 

K 

10[H2A], 

mol dm
-3

 

10
3
[H

+
], 

mol dm
-3

 

10
3
[Cu

2+
], 

mol dm
-3

 

10[I], 

mol dm
-3

 

10
3
 kobs, 

s
-1

 

10
2
k2, 

dm
3
mol

-1
s

1
 

299 2.10 1.00 5.00 4.00 2.14 1.02 

313 2.10 1.00 5.00 4.00 3.69 2.52 

323 2.10 1.00 5.00 4.00 7.74 5.28 

333 2.10 1.00 5.00 4.00 22.52 15.36 
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Table 4.13: Pseudo – first order and second order rate constants for the effect of change 

in temperature on the reduction of [Co(EDTA)]
–
 by N2H4 at [Co

3+
] = 3.0 ×  

10
-3

 mol dm
-3

 and λmax = 535 nm 

Temperature, 

K 

10[N2H4], 

mol dm
-3

 

10
3
[H

+
], 

mol dm
-3

 

10
4
[Cu

2+
], 

mol dm
-3

 

10[I], 

mol dm
-3

 

10
3
 kobs, 

s
-1

 

10
2
k2, 

dm
3
mol

-1
s

1
 

293 2.40 1.00 6.00 4.50 3.31 0.99 

298 2.40 1.00 6.00 4.50 3.75 1.12 

303 2.40 1.00 6.00 4.50 5.67 1.69 

313 2.40 1.00 6.00 4.50 8.06 2.40 
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Table 4.14: Pseudo – first order and second order rate constants for the effect of  change 

in  temperature on the reduction of [Co(HEDTA)OH2] by H2A, at [Co
3+

] = 

6.0 × 10
-3

 mol dm
-3

 and λmax = 550 nm 

Temperature, 

K 

10[H2A], 

mol dm
-3

 

10
3
[H

+
], 

mol dm
-3

 

10
3
[Cu

2+
], 

mol dm
-3

 

10[I], 

mol dm
-3

 

10
2
 kobs, 

s
-1

 

10
2
k3/2, 

dm
3/2 

mol
-1/2 

s
-1/2

 

299 0.12 2.00 7.00 2.00 0.49 1.40 

303 0.12 2.00 7.00 2.00 1.03 2.97 

313 0.12 2.00 7.00 2.00 3.23 9.33 

323 0.12 2.00 7.00 2.00 8.91 25.72 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



88 
 

Table 4.15: Pseudo-first order and second order rate constants for the effect of change in 

temperature on the reduction of  [Co(HEDTA)OH2] with N2H4, at [Co
3+

] = 

6.0 × 10
-3

 mol dm
-3

 and λmax = 550 nm 

Temperature, 

K 

10[N2H4], 

mol dm
-3

 

10
3
[H

+
], 

mol dm
-3

 

10
4
[Cu

2+
], 

mol dm
-3

 

10[I], 

mol dm
-3

 

10
2
 kobs, 

s
-1

 

10
2
k2, 

dm
3 

mol
-1

s
1
 

293 1.20 4.00 5.00 5.00 0.87 7.27 

298 1.20 4.00 5.00 5.00 1.14 9.49 

303 1.20 4.00 5.00 5.00 3.75 31.21 

313 1.20 4.00 5.00 5.00 8.12 67.70 

   

 

 

 

 

 

 

 

 

 

 

 

 



89 
 

 

Figure 4.38: Plot of ln  versus   for the redox reaction of [Co(EDTA)]
 – 

with H2A, at 

[Co
3+

] = 3.0 × 10
-3

 mol dm
-3

, [H2A] = 0.21 mol dm
-3

, [Cu
2+

] = 5.0 × 10
-3

 mol 

dm
-3

, I = 0.40 mol dm
-3

 (Na2SO4)
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Figure 4.39: Plot of ln  versus   for the redox reaction of [Co(EDTA)]
 –  

with N2H4,
 
at 

[Co
3+

] = 3.0 × 10
-3

 mol dm
-3

, [N2H4] = 0.24 mol dm
-3

, [Cu
2+

] = 6.0 × 10
-4

 mol 

dm
-3

, I = 0.45 mol dm
-3

 (NaClO4) 
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Figure 4.40: Plot of ln  versus   for the redox reaction of [Co(HEDTA)OH2] with H2A, 

at [Co
3+

] = 6.0 × 10
-3

 mol dm
-3

, [H2A] = 0.12 mol dm
-3

, [Cu
2+

] = 7.0 × 10
-3

 mol 

dm
-3

, I = 0.2 mol dm
-3

 (NaClO4) 
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Figure 4.41: Plot of ln  versus   for the redox reaction of [Co(HEDTA)OH2] with 

N2H4, at [Co
3+

] = 6.0 × 10
-3

 mol dm
-3

, [N2H4] = 0.12 mol dm
-3

, [Cu
2+

] = 5.0 × 

10
-4 

mol dm
-3

, I = 0.5 mol dm
-3

 (NaClO4) 

 

 

 

 

 

-9

-8.5

-8

-7.5

-7

-6.5

-6

-5.5

3.15 3.2 3.25 3.3 3.35 3.4 3.45

ln
 k

/T
1031/T, K-1



93 
 

The activation enthalpies and entropies evaluated for the systems using the Eyring 

equation are presented below: 

[Co(EDTA)]
–
 – H2A :   ΔH

‡
 = 72.75 kJ mol

-1
.  ΔS

‡
  43.65 JK

–1
 mol

–1
 

[Co(EDTA)]
–
 – N2H4

 
:  ΔH

‡
 = 31.46 kJ mol

-1
.  ΔS

‡
 = –175.58 JK

–1
 mol

–1
 

[Co(HEDTA)OH2] – H2A :  ΔH
‡
 = 85.21 kJ mol

-1
.  ΔS

‡
 = 7.02 JK

–1
 mol

–1
 

[Co(HEDTA)OH2] – N2H4
 
:  ΔH

‡
 = 82.89 kJ mol

-1
.  ΔS

‡
 = 17.13 JK

-1
 mol

-1
. 

4.10 Test for Intermediate 

4.10.1 Test for free radicals 

On addition of acrylamide solution followed by excess methanol to the partially reduced 

reaction mixture, a gelatinous polymeric layer was formed for the [Co(EDTA)]
–
 –  H2A system, 

indicating the presence of free radical. No precipitate was observed in the other three systems. 

4.10.2 Michaelis – Menten plot 

The Michaelis – Menten plot of 1/kobs versus 1/[reductant] were all linear, with zero 

intercept for [Co(EDTA)]
–
 – H2A and [Co(HEDTA)OH2] – N2H4 systems and non – zero 

intercept for [Co(EDTA)]
–
 – N2H4 and [Co(HEDTA)OH2] – H2A systems (Figures 4.42 – 4.45). 

4.10.3 Spectrophotometric test 

From the results obtained from this test, there was an observed shift in the λmax  from 535 

nm to 520 nm for the [Co(EDTA)]
–
 – N2H4 system (Figure 4.47), while no new peak or shift was 

observed for the rest of the three (3) systems (Figures 4.46, 4.48 – 4.49). 
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Figure 4.42: Michaelis – Menten plot of 1/kobs versus 1/[H2A]  for the redox reaction of 

[Co(EDTA)]
 –  

with H2A, at [Co
3+

] = 3.0 × 10
-3

 mol dm
-3

, [Cu
2+

] = 5.0 × 10
-3
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Figure 4.43: Michaelis – Menten Plot of 1/kobs versus 1/[N2H4]  for the redox reaction of 

[Co(EDTA)]
 –  

with N2H4
 
at [Co

3+
] = 3.0 × 10

-3
 mol dm

-3
, [Cu
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] = 6.0 × 10
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Figure 4.44: Michaelis – Menten Plot of 1/kobs versus 1/[H2A] for the redox reaction of 

[Co(HEDTA)OH2] with H2A, at [Co
3+

] = 6.0 × 10
-3

 mol dm
-3

, [Cu
2+

] = 7.0 × 

10
-3

 mol dm
-3

, I = 0.2 mol dm
-3
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Figure 4.45: Michaelis – Menten plot of 1/kobs versus 1/[N2H4]  for the redox reaction of 

[Co(HEDTA)OH2] with N2H4,
 
at [Co

3+
] = 6.0 ×10

-3
 mol dm

-3
, [Cu

2+
] = 5.0 × 

10
-4 
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-3
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Figure 4.46: Spectrum of the redox reaction mixture of [Co(EDTA)]
–
 and H2A after four 

minutes of reaction 
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Figure 4.47: Spectrum of the redox reaction mixture of [Co(EDTA)]
–
 and N2H4 after two 

minutes of reaction 
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Figure 4.48: Spectrum of the redox reaction mixture of [Co(HEDTA)OH2] and H2A after 

four minutes of reaction 
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Figure 4.49: Spectrum of the redox reaction mixture of [Co(HEDTA)OH2] and N2H4 after 

four minutes of reaction 
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4.11 Product Analysis 

4.11.1 Qualitative methods 

The Co
2+

 product detected by the addition of excess KSCN to the reaction mixture led to 

a colour change from faint pink to blue. This was noticed in all four (4) systems, signifying the 

existence of Co
2+

 (Hahn and Welcher, 1963). The reaction product of the H2A systems reacted 

with pyrrole in excess trichloroacetic acid to give a blue – green colour, which signifies the 

presence of dehydroascorbic acid (Tipson, 1945). 

In the test carried out for the presence of NH3 for both N2H4 systems, a black precipitate 

was not noticed upon introduction of iodine to the reaction mixture at the end of the reaction. 

This signifies the absence of NH3 as a possible product and as such, suggests the formation of N2 

gas (Richard and Renfrow, 1952). 

4.11.2 Spectrophotometric methods 

Spectrophotometric result showed a change in λmax from the characteristics Co(III) 

complexes to that for Co(II) in all the systems investigated. The spectra of the product of 

reaction gave  λmax of 507 nm for the [Co(EDTA)]
–
 – H2A system, 504 nm for the [Co(EDTA)]

–
 

– N2H4 system, 509 nm for the  [Co(HEDTA)OH2] – H2A system  and 510 nm for the 

[Co(HEDTA)OH2] – N2H4
 
system respectively. The values of λmax obtained for the reaction 

product agreed with literature values of 490 nm – 510 nm for Co
2+

 complexes (Onu, 2010; 

Arunachalam et al., 2015). 
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CHAPTER FIVE 

5.0 DISCUSSION 

5.1 [Co(EDTA)]
–
 – L-ascorbic Acid System 

The observed result from the stoichiometric study (2[Co(EDTA)]
‒

 : H2A) showed that 

H2A is undergoing a two electron transfer oxidation. A similar stiochiometry has been reported 

in the reduction of oxovanadium(V) complexes by as ascorbic acid (Maity et al., 2007), the 

reduction of tri-nuclear iron(III)/chromium(III) cations by ascorbic acid (Lawrence et al., 2012), 

the oxidation of ascorbic acid by hexacynoferrate(III) (Laxmi et al., 2013) and the oxidation of 

ascorbic acid by silver(I) (Narendra et al., 2014).This form of stoichiometry involving a two – 

electron oxidation will often produce a dehydroascorbic acid product (Davis, 1992; Mondal et 

al., 2009; Bitziou et al., 2013). However, the stoichiometry of 1:1 for Ru
VI 

: H2A and Ru
IV 

: H2A 

have been reported in the reduction of trans-[Ru
VI

(tmc)(O)2]
2+

 and trans-[Ru
IV

(tmc)(OH2)2]
2+

 by 

ascorbic acid respectively (Wang et al., 2009). The change in colour observed from faint pink to 

blue upon the qualitative test for Co(II) indicates the formation of [Co
II
(SCN)4]

2‒
 (Hahn and 

Welcher, 1963). Also, the blue – green colour observed upon treating the reaction mixture with 

pyrrole in excess trichloroacetic acid confirms the presence of dehydroascorbic acid product in 

the reaction mixture (Tipson, 1945). The product analysis of the metal complex indicates the 

reduction of Co(III) to Co(II) from both spectroscopic and qualitative analyses.
 

Kinetic study shows that the reaction is first-order in [Co(EDTA)
–
]

 
and [H2A] 

respectively, and second order overall with the second order rate constant k2 to be (9.88 ± 0.065) 

× 10
-3

 dm
3
 mol

-1
 s

-1
. Similar orders have been documented for H2A and other forms of Co(III) 

complexes in earlier works (Tsukahara et al., 1982; Hamzeh, 2001; Sadhana et al., 2014; 2015) 
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From the study of the effect of acid on the reaction, it was found that the reaction was 

independent of [H
+
], indicating a zero order with respect to the [H

+
]. The independence of the 

[H
+
] on the rate of this reaction suggests that the reactants were neither protonated nor 

deprotonated in solution prior to or during electron transfer process. Hence, the protonation or 

otherwise of H2A was not important in this reaction (Davis, 1992). Similar results have been 

obtained from the oxidation of ascorbic acid by hexachloroplatinate(IV) ion (Mehrota et al., 

1970) and tris(1,10-phenanthroline)iron(III) complexes in aqueous solution (Kimura et al., 

1982). 

The rate of reaction was first order with respect to [catalyst], which is similar to result 

obtained by earlier workers (Luty-Blocho et al., 2013; Sadhana et al., 2014; Singh et al., 2014). 

The plot of k2 versus [Cu
2+

] was linear (Figure 4.19), signifying an increase in reaction rate due 

to increase in catalyst concentration.      

Investigation on the effect of ionic strength on the reaction species showed a decrease in 

the rate of the reaction with increase in concentration of inert salt (Table 4.1). The plot of log k2 

versus I
1/2 

gave a negative slope of –3.66, indicating a negative kinetic salt. This result suggests 

the presence of oppositely charged species at the rate determining step. Similar results were 

obtained from previous studies (Iyun and Tinuoye, 1998; Onu and Iyun, 2000; Mandal et al., 

2013; Singh et al., 2014; Idris et al., 2015). The magnitude of the slope of ‒  3.66, translated into 

the linear equation log k = log k0 + 1.04 zazbI
1/2 

would suggest that the oppositely charged 

species at the rate determining step are a dianion and dication respectively. However this 

magnitude is not reflected in Equation 5.3, the higher magnitude of this slope could be attributed 

to interactions from other ionic components that may be present in the solution. 
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The rate of reaction increased with decrease in the dielectric constant of the reaction 

medium (Table 4.5), and the plot of k2 versus 1/D gave a slope of 59.53. The explanation for this 

marked increase in rate with a decrease in dielectric constant could be due to the negatively 

charged [Co(EDTA)]   present in the solution. Reactants that are negatively charged or polar, 

have a greater tendency of forming hydrogen bond of the form  [R-O-H
δ+

----X  ----H
δ+

-O-R] 

with polar protic solvents like water unlike acetone that is aprotic and lacks the –OH group. This 

hydrogen bonded species are bulky and slow towards electron transfer reactions, thus decrease in 

the dielectric constant (increase in the volume of acetone) of the reaction medium means  

decrease in the formation of bulky hydrogen bonded species and hence  increase in the rate of 

reaction (Asperger, 2003).  

The inhibition by added anions is in order, as the added anions would further increase the 

distance between the reactants species at the activated complex by repelling the [Co(EDTA)]
‒

 

specie and hence, reduce the rate of electron transfer. The observed effect of added ions shows 

that the reactant ions maintain their coordination integrity in the activated complex prior to and 

during electron transfer (Anweting, 2012). This fact is however not supported by the negative 

value of activation entropy (ΔS
‡

  43.65 JK
–1

 mol
–1

) obtained for the reaction. The negative 

value of entropy of activation suggests a more ordered activated complex occasioned by possible 

bridging of the reactant partners. 

 The addition of acrylamide to the reaction mixture followed by excess methanol 

resulted in the formation of a gelatinous precipitate; this indicates that a free radical was present 

in the reaction mixture to have initiated polymerisation of the acrylamide, while the methanol 

was responsible in converting this polymer into precipitate (Gromov et al., 1966). Ascorbic acid 

has been reported to give such radicals (Snehalatha et al., 1997; Wang et al., 2009; Sailani et al., 
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2011; Khan et al., 2013). Also, spectroscopic study indicated no shift from the absorption 

maxima of 535 nm (Figure 4.46). This also suggests the probable absence of an intermediate 

complex of significant stability during the reactions. In addition, the Michaelis – Menten plot of 

1/kobs versus 1/[H2A] (Figure 4.42) was linear with zero intercept, further supporting the absence 

of intermediate complex. 

Evidences in this study confirms that the reaction is occurring by the outer – sphere 

mechanism. The choice of the mechanism is guided by the following: 

a. The zero intercept obtained from the plot of k1
-1

 versus [H2A]
-1

 (Michaelis-Menten plot). 

b. The catalytic and inhibitory effect of added ions on the rate of the reaction. 

c. The absence of spectroscopically determinable intermediate. 

On the basis of the above findings, the following mechanistic steps are proposed for the Cu
2+

 

catalysed reaction of [Co(EDTA)]
–
 with H2A. 

 

 

Where Co
III

L
–
 and Co

II
L

2– 
represents [Co(EDTA)]

–
 and [Co(EDTA)]

2–
, then from Equation 5.2 

which is the rate determining step, gives; 

Rate = k1[CuH2A
2+

][Co(EDTA)
–
]                                                                                              (5.5) 

[CuH2A
2+

] is an intermediate that is produced in an equilibrium step (Equation 5.1), hence; 

[CuH2A
2+

] = Keq[H2A][Cu
2+

]                                                                                                     (5.6) 
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substituting Equation 5.6 into Equation 5.5, gives; 

Rate = Keqk1[Cu
2+

][H2A][Co(EDTA)
–
]                                                                                      (5.7) 

The rate law in Equation 5.7 can thus be written as; 

Rate = a[Cu
2+

][H2A][Co(EDTA)
–
]                                                                                             (5.8) 

Equation 5.8 corresponds to the experimental rate law in Equation 4.15, where a = Keqk1 = 4.9 

dm
3
 mol

-1
 s

-1
. 

 

5.2 [Co(EDTA)]
–
 – N2H4 System 

The stoichiometric study gave a result of N2H4 : 2[Co(EDTA)]
‒

, this is similar to the 

results obtained from other reactions of N2H4 (Thakuria and Gupta, 1975; Al-Subu et al., 1990; 

Peter et al., 1991; Jhimli et al., 2004; Mshelia et al., 2010; Gain et al., 2011), the N2H4 

underwent a two electron transfer giving an electron each to the two cobalt(III) complexes. The 

stoichiometry obtained is associated with N2 product of N2H4 oxidation, especially where a two 

electron transfer process is involved to give diazine (Patapati et al., 1986), followed by oxidation 

by atmospheric oxygen to give N2 and H2O (Wagnerova et al., 1973; Cookson et al., 1977). This 

stoichiometry is further supported by the product analysis as spectroscopic test obtained for the 

Co(II) product and further qualitative test confirms that the reduction of Co(III) into Co(II) as 

earlier mentioned was obtained. In addition, the qualitative test for ammonia was negative, 

indicating the absence of NH3 as one of the reaction product. The absence of NH3 in the product 

further confirms the fact that a two electron transfer process was involved, with Co(II) as the 

evident product.
 

From the kinetic study, the pseudo – first order plot of log (At - A∞) against time was 

linear up to 70 % of the reaction time. This linearity signifies a first order with respect to 
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[Co
III

(EDTA)]
–
. The plots of log kobs versus log [N2H4] gave a slope of 0.76544, this signifies a 

first order with respect to the [N2H4] and thus a second order overall. Such orders have been 

recorded for reactions of N2H4
 
(Sadagopa et al., 1975; Sultan et al., 1985; Zagal et al., 1986; Al-

Subu et al., 1990; Gain et al., 2011; Das et al., 2015). 

Results obtained from the acid dependent study showed that changes in acid 

concentration had an independent effect on the reaction rate. There was a marked increase in the 

rate of the reaction with increase in [Cu
2+

] as seen in Table 4.3. Cu
2+

 has been documented to be 

a potent catalyst for the reactions of hydrazine and its derivatives, since it binds with the 

hydrazine to form a highly reactive Cu(II) – hydrazine complex (Carl et al., 1975; Micheal et al., 

1978; Lim and Zhong, 1989; Mondal and Banerjee, 2009). The plot of k2 versus [Cu
2+

] was 

linear with zero intercept (Figure 4.20) suggesting a one term rate law.  

The rate of the reaction was observed to decrease with increase in ionic strength (Table 

4.3) and the plot of log k2 versus I
1/2 

gave a negative slope of –0.88, indicating a negative kinetic 

salt effect. This shows that the activated complex is made up of two oppositely charged species 

(Asperger, 2003). The magnitude of the slope of –0.88 implies that the two charged species at 

the activated complex compose of ions of +1 and –1 charge respectively. Although the negative 

salt effect is observed in Equation 5.10, there is reason to believe that interference by other ions 

that might be in solutions could be responsible for the different value obtained. The decrease in 

dielectric constant led to a marked decrease on the observed rate (Table 4.6), an evidence which 

is in support of nature of salt effect obtained from the ionic strength study.  

The added anions and cations had no effect on the rate of this reaction (Table 4.9). The 

non – catalysis by these ions suggests that the reaction occur by the inner – sphere mechanism, as 
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the reactant species at the activated complex are linked together thereby making the effect of 

added ions negligible. Non – catalysis of the reaction rate by added ions has been reported as 

characteristic of inner – sphere pathway (Adegite et al., 1977; Abdulsalam, 2015). 

Result obtained from the free radical test was negative, indicating that free radical 

formation is not important in this reaction. The test of spectroscopically determinable 

intermediate (Figure 4.47), showed a shift in the λmax from 550 nm to 520nm, this suggests the 

presence of a spectroscopically detectable intermediate (Anweting, 2012). 

Michaelis – Menten plot of 1/k1 versus 1/[N2H4] gave an intercept of ~ 85 s, implying the 

presence of intermediate complex, which is characteristics of reactions occurring by the inner – 

sphere mechanism. This is further supported by the entropy (ΔS
‡
 = –175.58 JK

–1
 mol

–1
) and 

enthalpy (ΔH
‡
 = 31.46 kJ mol

-1
) of activation obtained from the temperature dependent study as 

negative value of ΔS
‡
 suggests loss of freedom at the activated complex. This observation can be 

attributed to the reactant centres being held by a bridging ligand at the activated complex, which 

is a characteristic in favour of inner – sphere mechanism (James, 2002). 

The inner – sphere mechanism is therefore proposed for this reaction based on the 

following criteria: 

a. The intercept obtained from the plot of k1
-1

 versus [H2A]
-1

 (Michaelis-Menten plot). 

b. The non catalysis of the reaction by added ions. 

c. The presence of spectroscopically determinable intermediate. 

d. The negative value of the change in activation entropy. 

Based on the above findings, the following mechanism is proposed for the reaction: 
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Equation 5.10 is the rate determining step,  given that Co
III

L
–
 and Co

II
L

2– 
are [Co

III
(EDTA)]

–
 and 

[Co
II
(EDTA)]

2– 
respectively, then  the rate is expressed as; 

Rate = k1[CuN2H4
2+

][Co
III

(EDTA)
–
]                                                                                        (5.14) 

CuN2H4
2+

 is transients specie produced in Equation 5.9, thus; 

Keq =       [CuN2H4
2+

]                                                                                                                (5.15) 

            [N2H4] [Cu
2+

] 

[CuN2H4
2+

] = Keq[N2H4][Cu
2+

]                                                                                                (5.16) 

Substituting Equation 5.16 into 5.14 gives; 

Rate = k1 Keq [Cu
2+

][N2H4][Co
III

(EDTA)
–
]                                                                              (5.17) 

Therefore; 

Rate  = a[Cu
2+

][N2H4][Co
III

(EDTA)
–
]                                                                                      (5.18) 

Equation 5.18 conforms with the experimental rate law (Equation 4.16), where a = k1 Keq = 

18.25 dm
3
 mol

-1 
s

-1
. 
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5.3 [Co
III

(HEDTA)OH2] – H2A System 

The stiochiometry of [Co(HEDTA)OH2] : H2A obtained showed that H2A is donating an 

electron to reduce Co(III) to Co(II). A similar stiochiometry has been reported in the reduction of 

Au(III) chloride complex (Luty-Blocho et al., 2013),  and binuclear Co(III) complexes (Sadhana 

et al., 2014; Sadhana et al., 2015) by ascorbic acid. The stoichiometry is further supported by the 

result of product analysis. The spectroscopic test of the reaction product gave a λmax of 509 nm 

which is in agreement with literature value of 490 nm – 510 nm for Co(II) product (Arunachalam 

et al., 2015; Onu et al., 2015). The reduction of Co(III) to Co(II) product is further confirmed by 

the formation of [Co(SCN)4]
2‒

 upon treatment with KSCN. Furthermore, the presence of 

dehydroascorbic acid in the reaction product is an indication that the complex was reduced by 

ascorbic acid to give Co(II) and dehydroascorbic acid respectively. 

The pseudo – first order plot for the reaction was linear as shown in Figure 4.7, 

suggesting a first order dependence with respect to the [Co(HEDTA)OH2] complex. The 

logarithmic plot of kobs versus [H2A] was also linear, with a gradient of 0.48. This shows that the 

reaction is half – order with respect to [H2A],  and three over two – order  overall. The k3/2 was 

obtained as k3/2 = (1.40 ± 0.023) × 10
-2

 dm
3/2 

mol
-1/2

 s
-1/2

. Monomer – polymer equilibria can be 

the basis for a half order reaction, with the monomer as the reactive species (Wilkins, 2002). 

Another basis for a half order reaction has been attributed to molecular dissociation (Berry et al., 

1980; Onu et al., 2016) and this is the basis adopted in this study. Similar order has been 

documented for reactions of H2A (Pap et al., 2011; Rehana et al.,2012)  and Co(III) complexes 

(Bamford and Tipper, 1972; Scott and Chester, 1972).  

From the study of the effect of acid on the reaction, it was found that the reaction was 

independent of acid concentration (Table 4.3). Similar results have been documented for the 

http://pubs.acs.org/author/Scott%2C+E.+J.+Y.
http://pubs.acs.org/author/Chester%2C+A.+W.
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reduction of hexachloroplatinate(IV) ion (Mehrota et al., 1970) and tris(1,10-

phenanthroline)iron(III) (Kimura et al., 1982) complexes in aqueous solution by ascorbic acid. 

The rate of reaction was second order with respect to [catalyst]. The plot of k3/2 versus 

[Cu
2+

]
2
 was linear (Figure 4.21), signifying an increase in reaction rate due to increase in catalyst 

concentration. The Cu
2+

 ion has been known to catalyse the reactions of ascorbic acid by forming 

a more reactive complex with the reductant (Jones and Hughes, 1976; Sadhanna et al., 2014). 

Investigation on the effect of ionic strength on the reaction species showed that the rate of 

reaction was independent of ionic strength concentration, as changes in ionic strength 

concentration had no effect on the rate of the reaction (Table 4.3). The results imply that either 

one or both reactant species is/are neutral (Asperger, 2003). Similar results were obtained from 

the reduction of other forms of Co(III) complexes (Srinivas et al., 2007). 

 Added anion however catalysed the reaction. The catalytic effect on the rate of the 

reaction by the added ions is possibly due to the absence of a bridged intermediate at the 

activated complex, such that the closeness of approach of the reactant ions in the activated 

complex is such as to allow the intervention of added ion. In view of this fact, influence of 

reaction rate by added ions is a characteristic of an outer – sphere mechanism, were most of the 

reactant ions maintain their coordination integrity in the activated complex prior to and during 

electron transfer (Sharpe, 1981; Babatunde and Ajayi, 2013). 

The result for free radical test was negative, suggesting the that presence of free radicals 

is not an important factor in the reaction (Davis, 1992), the work of Osunlaja et al., (2013) on 

binuclear Co(III) complex gave similar result. From Figure 4.48, there is no shift in the 

wavelength of the two spectra from the λmax of 550 nm characteristics of [Co(HEDTA)OH2] 

complex. This suggests the absence of any spectroscopically determinable intermediate. Kinetic 
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evidence for the presence of intermediate via the Michaelis–Menten plot of 1/k1 versus 1/[H2A] 

(Figure 4.44) however, indicated the presence of intermediate complex. This is illustrated by the 

intercept of 76.32 mol dm
‒ 3

 s
‒ 1

 obtained from the plot. The nature of this intermediate complex 

could be transient species that were not stable enough to be monitored spectroscopically (Lohdip, 

1989).  The change in activation enthalpy (ΔH
‡
 = 85.21 kJ mol

-1
) and entropy of activation (ΔS

‡
 

= 7.02 JK
–1

 mol
–1

) were however positive. Such change in activation entropy suggests that the 

species at the activated complex are loosely held together, which infers that the reactant partners 

are not bridged. This is a supportive evidence in favour of an outer – sphere mechanism. Similar 

activation parameters have been obtained from related studies involving Co(III) complexes 

(Olayinka et al., 2006; Asemave et al.,2012) and ascorbic  acid (Khan and Sarwar, 1999). 

Evidences in this study confirms that the reaction is occurring through both the inner – 

sphere and outer – sphere mechanism, this type of mechanism has been reported for the redox 

reaction of Cr(H2O)6
2+

 with IrCl6
2‒

 (Haim, 1983) and Ru(NH3)5pz
3+

 with Co(edta)
2‒

 (Wilkins, 

2002). The choice of the mechanism was guided by the following:
 

a. The intercept obtained from the plot of 1/k1 versus 1/[H2A] (Michaelis-Menten plot) 

suggesting an inner – sphere mechanism. 

b. The effect of catalysis and inhibition by added anions and cations respectively on the rate of 

the reaction suggesting an outer – sphere mechaninsm. 

c. The positive value of the change in activation entropy (ΔS
‡
 = 7.02 JK

–1
 mol

–1
) supporting the 

outer – sphere mechanism. 

On the basis of the above findings, the following mechanistic steps are proposed for the Cu
2+

 

catalysed reduction of [Co(HEDTA)OH2] by H2A; 
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Given that Co
III

L and Co
II
L

–
 are [Co

III
(HEDTA)OH2] and [Co

II
(HEDTA)OH2]

–
 respectively,  

Rate = k3 [Cu2-Co
III

L
4+

][HA]                                                                                                   (5.23) 

But Equations 5.20 gives; 

[Cu2-Co
III

L
4+

] = K2[Cu
2+

]
2
 [HA]                                                                                              (5.24) 

Substituting Equations 5.24 into 5.23, gives; 

Rate = K2 k3 [Cu
2+

]
2 
[Co

III
L][HA]                                                                                            (5.25) 

If [HA] = [H], hence from Equation 5.19; 

[HA]
2
 = K1[H2A];  [HA]  = K1

1/2 
[H2A]

1/2
                                                                                (5.26) 

Substituting this into Equation 5.25 gives; 

Rate = K1
1/2

K2k3[Cu
2+

]
2
[Co(HEDTA)OH2][H2A]

1/2
                                                                (5.27) 

Equation 5.27 conforms with the experimental rate law in Equation 4.17, where d = K1
1/2

K2k3. 
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5.4 [Co
III

(HEDTA)OH2] – N2H4 System 

The stoichiometry of 2 : 1 (2[Co(HEDTA)OH2] : N2H4) obtained in this reaction suggests 

that two moles of Co(III) complex were reduced by a mole of hydrazine. This stoichiometry 

agrees with other reactions of N2H4 (Thakuria and Gupta, 1975; Peter et al., 1991; Jhimli et al., 

2004; Mshelia et al., 2010; Gain et al., 2011). The stoichiometry obtained is associated with N2 

product of N2H4 oxidation, especially where a two electron transfer process is involved to give 

diazene (Patapati et al., 1986), followed by oxidation by atmospheric oxygen to give N2 and H2O 

(Wagnerova et al., 1973; Cookson et al., 1977). Further evidence from products analysis of the 

reaction mixture showed a decrease in the λmax from 550 nm, characteristics of 

[Co(HEDTA)OH2] to 510 nm for the Co(II) product, this is in support of the reduction of Co(III) 

to Co(II) (Onu, 2010; Arunachalam et al., 2015). Moreover, absence of NH3 from the reaction 

mixture supports the formation of N2 product (Dhas et al., 1991). 

The linearity of the pseudo – first order plot of log (At - A∞) against time suggests a first 

order with respect [Co(HEDTA)OH2]. The gradient of the logarithmic plots of log kobs vs log 

[N2H4] was 1.03, signifying a first order with respect to the [N2H4] and thus a second order 

overall. Such order has been known for reactions of N2H4
 
(Sultan et al., 1985; Zagal et al., 1986; 

Sadagopa et al., 1975; Gain et al., 2011). 

The plot of log k1 versus log [H
+
] (Figure 4.12) showed an inverse acid dependence on 

the reaction rate. Similar results has been obtained for the reactions of N2H4
 
(Thakuria and 

Gupta, 1975; Al-Subu et al.,1990; Mondal and Banerjee, 2009; Mshelia et al., 2010), the plot of 

k2 versus [H
+
]

-1
 had no intercept (Figure 4.14) and therefore suggests that the reaction occurs via 
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a single pathway of inverse acid dependence (Mshelia et al., 2010; Das et al., 2015; Onu et al., 

2015). N2H4 could be responsible for such deprotonation as reported by Mshelia et al, (2010). 

The result obtained from Table 4.4 showed an increase in the rate of reaction with an 

increase in [Cu
2+

]. The ability of Cu
2+

 to bind with the reductants forming a more reactive 

complex has made it a potent catalyst for the reactions of hydrazine and its derivatives (Carl et 

al., 1975; Micheal et al., 1978; Mondal and Banerjee, 2009). 

Changes in the ionic strength of the reaction medium had no significant effect on the kobs 

values (Table 4), the non – dependence of rate of reaction on ionic strength is known to occur 

when one or both of the reactants are neutral (Asperger, 2003; Mondal and Benerjee, 2009). 

Since one of the reactant specie in the reaction is neutral, the zero salt effect in this study is not 

unexpected.  

The increase in the reaction rate with increase in added anions (CHCOO
‒  

and 

CH3COO
‒

) implies absence of bridge linked reactants at the activated complex, making the 

intervention of anions and cations possible in the activated complex. Ion catalysis has been 

reported to be a characteristic of the outersphere reaction mechanism (Adegite et al., 1977; Ali et 

al., 1990; Idris et al., 2015). 

Addition of acrylamide to the partially reduced reaction mixture followed by excess 

methanol did not give any gelatinous precipitate. This implies the absence of free radical in this 

reaction (Osunlaja et al., 2013). Results obtained from comparison of the electronic spectrum of 

the [Co(HEDTA)OH2] complex with that of the reaction mixture four minutes after the start of 

reaction showed no significant shift in λmax, suggesting the absence of spectroscopically 

detectable  intermediate complex formation. Furthermore, Michaelis – Menten plot of 1/k1 versus 



117 
 

1/[N2H4] was linear and had zero intercept, supporting the absence of intermediate complex, an 

indication that the reaction occurs via the outer – sphere mechanism. 

The positive value of change in entropy of activation (ΔS
‡
 = 17.13 JK

-1
 mol

-1
) means that 

the reactant species becomes more disordered at the activated complex, indicating the absence of 

a bridge linking such reactants together. This supports the suggestion that the reaction follows an 

outer – sphere mechanistic path (James, 2002).  

Taking into account the under listed evidences obtained from this reaction: 

a. The zero intercept from Michaelis – Menten plot. 

b. The catalysis and inhibition by added anion and cation respectively. 

c. The absence of spectroscopically determinable intermediate complex 

d. The positive value of change in entropy of activation (ΔS
‡
 = 17.13 JK

-1
 mol

-1
). 

The outer – sphere mechanism is proposed for the reaction. The following plausible 

mechanistic steps explain the experimental data. 
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Rate = k2[N2H4][CuCo
III

(HEDTA)OH
+
]                                                                                  (5.32) 

From Equation 5.28,              

[CuCo
III

(HEDTA)OH
+
] = K1[Co

III
(HEDTA)OH2][Cu

2+
][H

+
]

-1 
                                              (5.33) 

Substituting Equations 5.33 Equation 5.32, gives; 

 Rate = k2K1[H
+
]

-1
[Cu

2+
][Co(HEDTA)OH2][N2H5

+
]                                                               (5.34) 

                   =  a[H
+
]

-1
[Cu

2+
][Co(HEDTA)OH2][N2H5

+
]                                                          (5.35)                                                                           

Equation 5.35 agrees with the experimental rate law in Equation 4.18, where a = k3K1K2.  

 

5.5 Comparative Analysis of the Cobalt(III) Reactions Studied 

5.5.1 [Co(EDTA)]
–
 – H2A and [Co(EDTA)]

–
 – N2H4 system  

The rate constant k2 for the reduction of [Co(EDTA)]
– 

by H2A was  (9.88 ± 0.065) × 10
-3

 

dm
3
 mol

-1
 s

-1
 this was less than that obtained for the reduction of the same complex by N2H4 

which was (1.57 ± 0.099) × 10
-2

 dm
3
 mol

-1 
s

-1
. 

5.5.2 [Co(HEDTA)OH2] – H2A and [Co(HEDTA)OH2] – N2H4 system 

The reduction of [Co(HEDTA)OH2] by H2A and N2H4 also follows the same trend as that 

of [Co(EDTA)]
–
 with similar reductant. The rate constant at of the reduction of 

[Co(HEDTA)OH2] by H2A was (1.38 ± 0.014)) × 10
-2

 dm
3/2 

mol
-1/2

 s
-1/2

, this was far lesser than 

the rate constant for the reduction of the same complex by N2H4 which gave a rate constant of  

(9.81 ± 0.144) × 10
-2 

dm
3
 mol

-1
 s

-1
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5.5.3 [Co(EDTA)]
–
 – H2A and [Co(HEDTA)OH2] – H2A system 

The rate constant of (9.88 ± 0.065) × 10
-3

 dm
3
 mol

-1
 s

-1
 obtained for the reduction of 

[Co(EDTA)]
–
 by H2A was lower than the rate constant of (1.38 ± 0.014) × 10

-2
 dm

3/2 
mol

-1/2
 s

-1/2
 

obtained for the reduction of [Co(HEDTA)OH2] by the same reductant.  

[Co(EDTA)]
–
 – N2H4 and [Co(HEDTA)OH2] – N2H4 system 

Similarly, the trend was consistent as the rate constant of (1.57 ± 0.099) × 10
-2

 dm
3
 mol

-1 
s

-1
 

gotten for the reduction of [Co(EDTA)]
–
 by N2H4 was less than the rate constant of (9.81 ± 

0.144) × 10
-2 

dm
3
 mol

-1
 s

-1
 gotten from the reduction of [Co(HEDTA)OH2]  by the same 

reductant.  

The above trend is consistent in the sense that the rate constants for both N2H4 reactions 

are higher than those for H2A. This could possibly be explained due to their redox potentials, 

N2H4 have a redox potential of – 1.21 V for a complete oxidation (Granot et al., 2011) while 

H2A has a higher redox potential of +0.19 V (Bradshaw et al., 2011). Reductants with a lower 

redox potential have better reducing ability than those with higher redox potential, hence the 

enhanced rate noticed for the N2H4 systems. Furthermore, it can be seen that the rate constants 

for the reduction of [Co(HEDTA)OH2] were greater than those for the [Co(EDTA)]
–
 reactions 

with the same reductants. This trend is attributed to the nature of ligands attached to each Co(III) 

central ion, as HEDTA is a penta – dentate ligand, it less stable and thus has a less effect on 

magnitude of the 10Dq splitting of the overall complex than the EDTA which is hexa – dentate 

and more stable (James, 2002). This means that the [Co(HEDTA)OH2] complex has a lesser 

splitting and can easily be reduced as compared to the [Co(EDTA)]
–
. Again, the larger size of the 

EDTA ligand compared to the HEDTA means that electron tunneling would be easier in the 

HEDTA than the EDTA metal complexes (Hamzeh, 2001). 
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CHAPTER SIX 

6.0 SUMMARY, CONCLUSION AND RECOMMENDATION 

6.1 Summary 

The kinetics of the Cu
2+

 catalysed redox reactions of [Co(EDTA)]
–
 with H2A and N2H4 

and [Co(HEDTA)OH2] with H2A and N2H4
 
in aqueous acidic solution were successfully studied. 

The stoichiometry of 2:1 was observed for [Co(EDTA)]
–
 – H2A, [Co(EDTA)]

–
 – N2H4 and 

[Co(HEDTA)OH2] – N2H4 systems while a stoichiometry of 1:1 was recorded for the 

[Co(HEDTA)OH2] – H2A system respectively.  

The reaction was first order with respect to both oxidants and reductants for all the 

systems, except the [Co(HEDTA)OH2] – H2A that showed a first order dependence on the 

oxidant and a half – order on the reductant. Results from the acid investigations showed an 

inverse first order for the [Co(HEDTA)OH2 ] – N2H4 system, while changes in [H
+
] had no effect 

on the [Co(EDTA)]
–
 – H2A, [Co(HEDTA)OH2] – H2A and [Co(EDTA)]

–
 – N2H4 systems. From 

the studies on the effects of catalysts, a first order with respect to [Cu
2+

] was observed for 

Co(EDTA)]
–
 – H2A, [Co(EDTA)]

–
 – N2H4 and [Co(HEDTA)OH2] – N2H4 systems and a second 

order for [Co(HEDTA)OH2] – H2A system respectively. 

The reactions are therefore in conformity with Equations (4.15 – 4.18) and the second 

order rate constants for the various systems were observed as follows:  

[Co(EDTA)]
–
 – H2A :   k2 = (9.88 ± 0.065) × 10

-3
 dm

3
 mol

-1
 s

-1 

[Co(EDTA)]
–
 – N2H4

 
:  k2 =  (1.57 ± 0.099) × 10

-2
 dm

3
 mol

-1 
s

-1
 

[Co(HEDTA)OH2] – H2A :  k3/2 = (1.38 ± 0.014) × 10
-2

 dm
3/2 

mol
-1/2

 s
-1/2
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[Co(HEDTA)OH2] – N2H4
 
:  k2 = (9.81 ± 0.144) × 10

-2 
dm

3
 mol

-1
 s

-1
  

The [Co(EDTA)]
–
 – H2A and [Co(EDTA)]

–
 – N2H4

 
systems were both sensitive to 

change in ionic strength while [Co(HEDTA)OH2] – H2A and [Co(HEDTA)OH2] – N2H4 systems 

were not. Except for the [Co(EDTA)]
–
 – N2H4 system, all other systems were sensitive to added 

anions and cations. There was an observed shift in λmax from 550 – 520 nm for the [Co(EDTA)]
–
 

– N2H4 system where as no shift was observed for the other three systems. Free radical was 

observed only for the [Co(EDTA)]
–
 – H2A system.  

Records from the temperature studies showed a positive ΔH
‡
 for all the systems, while a 

positive ΔS
‡
 was obtained for the [Co(HEDTA)OH2] – H2A and [Co(HEDTA)OH2] – N2H4 

systems and a negative ΔS
‡
 for the [Co(EDTA)]

–
 – H2A and [Co(EDTA)]

–
 – N2H4 systems. 

From the results obtained, it was shown that the [Co(EDTA)]
–
 – H2A, and [Co(HEDTA)OH2] – 

N2H4 systems all undergo an outer – sphere mechanism, [Co(EDTA)]
–
 – N2H4 system undergoes 

an inner – sphere mechanism while the [Co(HEDTA)OH2] – H2A system undergoes both inner – 

sphere and outer – sphere mechanism. Therefore such mechanisms were proposed for these 

systems respectively.
 

6.2 Conclusion  

The reduction of both [Co(EDTA)]
–
 and [Co(HEDTA)OH2] each by H2A and N2H4, in 

aqueous acidic medium have been successfully studied spectroscopically. On the basis of the 

results of these studies, the absence of and/or presence of kinetic and/or spectroscopic evidence 

for acid dependency, influence of catalyst, complex formation prior to electron transfer, evidence 

from temperature studies, conformity/non-conformity of the results with Michaelis-Menten plots, 

and the rationalisation from previous results led to the conclusion that the outer – sphere 
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mechanism is in play for the [Co(EDTA)]
–
 – H2A and [Co(HEDTA)OH2] – N2H4

 
systems,  inner 

– sphere was postulated for the [Co(EDTA)]
–
 – N2H4 system, while both inner – sphere and outer 

– sphere mechanisms are in play for the [Co(HEDTA)OH2] – H2A system. 

 6.3 Recommendation  

The kinetics and mechanism of the Cu
2+

 catalysed reduction of [Co(EDTA)]
–
 and 

[Co(HEDTA)OH2] by ascorbic acid and hydrazine have been successfully studied in aqueous 

acidic medium, it is however recommended that: 

a. Further studies should be carried out on the reduction of cobalt(III)aminocarboxylato 

complexes with other reductants using other catalyst aside Cu
2+

 such as Fe
2+

. 

b. Since ascorbic acid and hydrazine monohydrate exists as their highly active forms at higher 

pH, it would be reasonable to study the kinetics of ascorbic acid and hydrazine monohydrate 

with other metal complexes in aqueous basic medium. 

c. Computational chemistry programs should also be employed in the study of the kinetics and 

mechanism of these Co(III) complexes and the result should be carefully compared with those 

generated experimentally from spectrophotometric method, this would check for systematic 

errors generated experimentally. 
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