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ABSTRACT

The kinetics of reduction of N,N'-phenylenebis(salicylideneiminato)iron(lll)
([Fe(salphen)]") at 435 nm by thioglycolic acid, oxalic acid, hypophosphorous acid and
hydrogen peroxide and reduction of N,N’-phenylenebis(salicylideneiminato)manganese(l11)
([Mn(salphen)]") at 450 nm by hydrogen peroxide, thioglycolic acid, thioglycol,
thiocyanate ion, thiosemicarbazide and thiodiglycol were studied in mixed aqueous and
surfactant medium under pseudo-first order conditions. A stoichiometry of 1:1 was
obtained for [Fe(salphen)]” — TSH reaction while 2:1 (complex:reductant) was obtained for
[Fe(salphen)]” — HsPO, and [Fe(salphen)]” — H,O, reactions and 2:3 (complex:reductant)
for [Fe(salphen)]” — H,C,0, reaction. Also, a stoichiometry of 1:1 was obtained for
[Mn(salphen)]” — TSH, [Mn(salphen)]” — RSH, and [Mn(salphen)]*— SCN" reactions while
2:1 (complex:reductant) was obtained for [Mn(salphen)]” — H,0,, [Mn(salphen)]” —
H,NNHCSNH; and [Mn(salphen)]” — S(CH,CH,OH), reactions. The reactions were first
order in [oxidant] and [reductant] in all the systems. The [Fe(salphen)]’-TSH,
[Fe(salphen)]” — H,C,04, [Fe(salphen)]” — H3PO,, [Mn(salphen)]” — TSH, [Mn(salphen)]" —
SCN™ and [Mn(salphen)]” — Ho,NNHCSNH, reactions were independent of [H'] while
[Fe(salphen)]” — H,0,, [Mn(salphen)]” — H,O0, and [Mn(salphen)]” — S(CH,CH,OH),
reactions showed an inverse [H'] dependence with non-zero intercept but [Mn(salphen)]” —
RSH reaction showed a positive [H*] dependence. The reactions conform to the following

rate equations:

—d[Msalphen™*
ZdMstlohen') - 1o [ (salphen) ]{A]
3 d[Fesalphen®]

> at = kz[Fe(saIphen)+][H2C204]

Vii



—1d[Msalphent]
2 dt

= ky[M(salphen)*][B]

1 dMsalphen'] (a + L)[M(salphen)+][C]

2 dt [Ht]
~dMnsaphen] = (e + f{H'])[Mn(salphen)‘][RSH]

where M = Fe or Mn, A = TSH or SCN’, B = H3PO;, or H,NNHCSNH; and C = H,0; or
S(CH,CH,0H),

The rates of reactions displayed a negative salt effect in [Fe(salphen)]” — H,0,,
[Mn(salphen)]” — H,0,, [Mn(salphen)]” — SCN™ and [Mn(salphen)]* — S(CH,CH,OH),
reactions respectively, a positive salt effect in [Mn(salphen)]* — RSH reaction and a zero
salt effect in [Fe(salphen)]” — TSH, [Fe(salphen)]” — H3PO,, [Fe(salphen)]” — H,C,04,
[Mn(salphen)]” — TSH and [Mn(salphen)]” — H,NNHCSNH, reactions respectively. Added
ion catalysis/ or inhibition was observed in all the reactions studied except the reaction of
[Fe(salphen)]” with H,C,0, where neither catalysis nor reaction inhibition was observed.
There was no evidence of an intermediate complex of significant stability for all the
reactions except the reactions of H,O, with [Fe(salphen)]* and [Mn(salphen)]* where it was
observed from Michaelis-Menten plot. Free radicals were detected in all the reactions
except the reaction of H,C,0, with [Fe(salphen)]”. The reaction rates were catalysed/ or
inhibited in the presence of surfactants (SDS and CTAB) and Piszkiewicz model was used
to analyze the results which indicated the existence of significant electrostatic and
hydrophobic interactions between the metal complexes and the pre-micellar aggregates of
the surfactants. Based on the results obtained, outersphere mechanistic pathway is proposed

for all the reactions under investigation.
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CHAPTER ONE

1.0 INTRODUCTION

Organic molecules containing imine groups, commonly known as Schiff bases, are
of great interest to inorganic chemists due to their wide range of applications such as
molecular ferromagnet designs, catalysis, biological modeling and preparation of liquid
crystals (Rodriguez et al., 1997; Ramade et al., 1997; Miyasaka et al., 1998; Hoshino,
1998; Pinkowicz et al., 2015; Sukhikh and Vostrikova, 2017).

Schiff bases besides their diverse applications, also play a key role as chelating
ligands in main group metal and transition metal coordination chemistry. This is due to
their ease of synthesis, stability under a variety of oxidative and reductive conditions and
the structural versatility (Ziessel, 2001; Cozzi, 2004; Gupta and Sutar, 2008; Costes et al.,
2008; Ran et al., 2010; Orio et al., 2010).

Undoubtedly, salen type ligands are receiving more attention among all the Schiff
bases due to their ease of preparation from the condensation of a diamine with
salicylaldehyde or its derivatives (Subrata et al., 2012). Ligands categorized under this
class consist of two imine nitrogen and two phenolic oxygen donors that usually coordinate
to the metal ion (Ahmad et al., 2020).

The chemistry of mononuclear and dinuclear iron(l11) complexes has also continued
to receive a lot of attention (Fernandez et al., 2004). This is mainly due to the fact that iron
plays a key role in physiological processes (Herold, 2004). Redox processes involving
iron(l11) have been followed with keen interest especially as regards biomimetic processes
involving haeme and non-haeme iron(l11) complexes (Smelkal et al., 1996; Brausam and

Van-Eldik, 2004). In this regard iron(l1l)-imine complexes have received special attention



and various mechanistic studies involving iron(l1l) complexes have been carried out
(Anweting et al., 2017; Busari et al., 2019; Anweting et al., 2020; Busari et al., 2021;

Nkole et al., 2021a; Nkole et al., 2021b)

Manganese complexes have also been of interest due to their role in biological
redox processes and catalytic disproportionation of the superoxide ion, O%. Examples are
the manganese-containing superoxide dimustase (Mn-SOD), catalase and the oxygen
evolving complex in photosynthesis Il in green plants (Matshushita and Shono, 1981;
Pecoraro et al., 1994; Waldo and Penner-Hahn, 1995; Zouni et al., 2001). In photosystem
Il, a tetranuclear manganese cluster has been identified by many spectroscopic
measurements and crystal structure analysis as the active catalyst for the oxidation of water
to oxygen. However, the exact mechanism has remained in speculation (Zouni et al., 2001;
Umenaet al., 2011).

As such, the application of manganese model systems would be far reaching and
extensive studies of the coordination chemistry and reactivity of manganese(lll) can
provide useful insight into the functional role of this transition metal ion in biological
systems (Gangopadhyay et al., 1994a).

In addition, the study of the effect of surfactant micelles on reaction rates has also
been a subject of great interest (Warren et al., 2006; Senapati et al., 2011; Akram et al.,
2014; Yadav et al., 2016; Kumar et al., 2016; Ogunlusi et al., 2016). Surfactants are known
to form stable aggregates (micelles) in water above the critical micelle concentration
(CMC) (Nagarajan and Ruckenstein, 1991; Patist et al., 2001). The rates of chemical
reactions are known to be altered or modified by micelles (Owoyomi et al., 2007). The

existence of micellar aggregates of substrate and surfactant at concentrations below the



CMC of the surfactant has also been recognized (Sanchez et al., 1997; Hadgiivanova and
Diamant, 2007; Zaheer, 2009).

Many mechanistic studies of electron transfer processes in surfactant solutions have
been reported to show varied surfactant effects on reaction rates ranging from inhibition to
activation; and in some cases, alteration of the reaction mechanism (Tanaka et al., 1979;
Larson et al., 2000; Shen, 2001). These effects are strongly dependent on the charges on the
redox partners and the nature of the surfactant head group (Tachiyashiki and Yamatera,
1986; Ige and Soriyan, 1986).

Surfactant chain length has also been reported to contribute to the surfactant effect
on reaction rates (Lombardo et al., 2006; Mohareb et al., 2006; Astray et al., 2011). Such
influence has been attributed to the presence of hydrophobic and electrostatic forces and for
a given set of reaction, the observed rate of reaction depends on the extent of association
between the reactants and micellar aggregate (Sugumar et al., 2015; Joshi et al., 2016). The
kinetics of reactions in micellar solutions can be accounted for qualitatively by considering
the electrostatic and hydrophobic interactions between micelles and reactants, transition
states and products (Ogunlusi et al., 2016).

1.1  Statement of the Research Problem

Metallo-salens have been extensively used as catalysts for a broad range of
transition metal catalysis reactions including epoxidation of olefins, hydroxylation, lactide
polymerisation and asymmetric ring opening of epoxides (Srinivasan et al., 1986; Jacobsen
et al., 1990; Jacobsen et al., 1991; Canali and Sherrington, 1999; Jacobsen, 2000). The
significance of these tetradentate N,O, ligands and their transition metal complexes as
catalysts, has attracted attention, being relevant for their applications particularly on the

development of agrochemical and pharmaceutical industries (Ribeiro et al., 2004).



Similarly, biological chemists have also exploited the oxidative nature of metallo-
salens for developing novel chemical nucleases that modify nucleic acids (Bhattacharya
and Mandal, 1996; Routier et al., 1996; Muller et al., 1999; Czlapinski and Sheppard,
2001; Doctrow et al., 2002). Various metallo-salen complexes are also implicated in
hydrolytic cleavage of DNA and RNA (Komiyama et al., 1999; Prema et al., 2007).

It has been demonstrated that Fe(l1l) and Mn(ll1)-salen and salphen cause damage
to DNA in vitro and also induces efficient apoptosis in vivo (Woldemariam and Mandal,
2008; Ansari et al., 2009a; Ansari et al., 2009b). It was also demonstrated that Fe(l1l) and
Mn(l11)-salen and salphen complexes affect cell viability and induce nuclear fragmentation
and apoptosis in breast cancer (MCF7) cells. These complexes also induce caspase-3/7
activation and release of cytochrome ¢ from the mitochondria to cytosol, suggesting the
involvement of the mitochondrial pathway of apoptosis (Ansari et al., 2009a; Ansari et al.,
2009b; Ansari et al., 2011).

As DNA interacting molecules find potential applications in novel anti-tumour
therapy, intense research efforts are being invested towards developing novel DNA/RNA
modifiers and in understanding their molecular mechanisms of action (Cohen and Lippard,
2001; Barnes and Lippard, 2004; Ott and Gust, 2007). In general, redox active agents that
damage DNA in vitro are assumed to exhibit apoptotic activities in live cells by inducing
oxidative stress and/or DNA damage (Cohen and Lippard, 2001; Wang, 2001; Valko et al.,
2004; Boerner and Zaleski, 2005; Danford et al., 2005).

Metallo-salens with diverse structures and redox characteristics are shown to
produce reactive oxygen species under oxidative/reducing environments and damage to
DNA/RNA in vitro (Czlapinski and Sheppard, 2001; Doctrow et al., 2002; Shrivastava et

al., 2004). For example, iron and copper-salen derivatives produce hydroxyl radicals in the



presence of dithiothreitol and damage DNA (Routier et al., 1999; Rokita and Burrows,
2001). Furthermore, various metal-salens and derivative complexes have been implicated in
efficient asymmetric catalysis and in catalyzing the hydrolytic cleavage of DNA and RNA
(Komiyama et al., 1999; Wiznycia et al., 2005; Prema et al., 2007).

Similarly, kinetic micellar effect is a change in reaction rate constant due to the
presence of surfactant micelles in solution (Dwars et al., 2005; Buurma, 2009; Romsted,
2012) which are helpful in studying reaction mechanisms (Laguta et al., 2018a). Reports
have shown that metal complexes of aromatic diimines exhibit unique interaction with
hydrophobic solutes in aqueous solutions because of the hydrophobicity of the ligands
(Yokoyama, et al., 1995; Rajendran et al., 1997).

The presence of m-electrons in the hydrophobic salphen ligands make the
electrostatic and hydrophobic interaction between the complexes and the surfactants
contribution to the reaction rate interesting for investigation (Ogunlusi et al., 2016). The
influence of surfactants in reaction rate are also important in pharmaceutical formulations
(Katre et al., 2013).

However, despite several applications of [Fe(salphen)]” and [Mn(salphen)]
complexes with regards to their redox properties, kinetics and mechanisms of their redox
reactions are very scanty.

1.2 Justification of the Study

The complexes, N,N’-phenylenebis(salicylideneiminato)iron(lll), [Fe(salphen)]’,
and N,N’-phenylenebis(salicylideneiminato)manganese(lll), [Mn(salphen)]” are very
versatile with lots of their applications centered around their redox properties. Yet there is
scarcity of information on the kinetics and mechanisms of their redox reactions. The

present study is undertaken to obtain kinetic data with a view of gaining insight into the



mechanistic pathway of the redox reactions of these complexes. The data that would be
generated from these redox reactions will complement the much needed kinetic information
which would further explain their redox properties and hence may give more information
on how to improve on the diverse applications of the redox partners.

Furthermore, the study is used as a mimic of some biochemical processes and
would assist in understanding the interplay of the various factors that can influence the
reaction rates and also explain the kinetic data using a suitable micellar kinetic model. The
cooperativity index and binding constants would provide additional information on the
mode of interaction between surfactants and the metal complexes.

The thermodynamic parameters that would be obtained would provide additional
information on the influence of temperature on the reactions. In addition, the Kinetic data
generated and the proposed mechanisms would contribute to conceptual development of
mechanism of redox reactions of iron(111) and manganese(l1l) complexes.

1.3  Aim and Objectives of the Study

The aim of this study is to determine the kinetics of redox reactions of N,N'-
phenylenebis(salicylideneiminato)iron(ll11), [Fe(salphen)]” and N,N'-
phenylenebis(salicylideneiminato)manganese(lll), [Mn(salphen)]” complexes and some
reducing agents in mixed aqueous and surfactant medium and propose plausible
mechanisms for the reactions. The objectives of this study are to:

i. synthesize and characterize N,N’-phenylenebis(salicylideneiminato)iron(lll) and

N,N'-phenylenebis(salicylideneiminato)manganese(l11) complexes;

ii.  determine the stoichiometry and order of the reactions;
iii.  determine the effect of changes in hydrogen ion concentration, ionic strength, added

ions and dielectric constant of the medium on the reaction rates;



iv.  generate thermodynamic parameters for the reactions;
v. determine the effect of surfactant concentration on the reactions rate; the catalytic

factor (k,/kw) or inhibition factor (kw/k,), cooperativity index and binding constants.



CHAPTER TWO
2.0 LITERATURE REVIEW

2.1  Reactions of N,N’-Phenylenebis(salicylideneiminato)iron(l11) and

Manganese(l11) Complexes

The complexes, [Fe(salphen)]” and [Mn(salphen)]”, are dark brown in colour and
are derived from the reaction of bis(salicylidene)phenylenediamine (salphen) with FeCls;
and Mn(CH3COO); respectively in methanol (Ansari et al., 2009a; Ansari et al., 2009b;
Ansari et al., 2011). Iron plays a unique role in biological systems, as enzymes containing
iron are of crucial importance in electron transfer reactions and in the activation and
transport of small molecules, such as molecular oxygen (Natarajan et al., 2005).
Managanese complexes have also been of interest in biological redox processes including
catalytic disproportionation of superoxide ion, O,". Examples are the manganese-containing
superoxide dismutase (Mn-SOD) and the oxygen evolving photosynthesis Il in green plants
(Matsushita and Shono, 1981).

Studies have demonstrated that Fe(ll1) and Mn(lll)-salen and salphen complexes
induced efficient apoptosis in cultured human cells. The nature of the substituents and the
space between diamino groups play critical roles in determining the apoptotic activities of
the complexes (Ansari et al., 2009a; Ansari et al., 2009b; Ansari et al., 2011).

Salem (1994) studied the kinetics of the reaction between [Mn"'(saltm)Br] complex
(saltm = N,N’-bis(salicylidene)propylenediamine) and hydrogen peroxide in a pH range
5.05 — 7.29 in both aqueous and micellar sodium dodecyl sulphate (SDS) solution. First
order dependence in both reactants was observed with a significant reaction inhibition

recorded with increasing acidity of the reaction medium and increasing SDS concentration.



A mechanism involving manganese(lV) and a peroxo-intermediate was proposed with the
subsequent release of OH’ radicals at the rate determining step.

In the same vain, the kinetics of the reduction of manganese(l11) complex of trans-
cyclohexane-1,2-diamine-N,N,N',N'-tetraacetate  (cdta*) by thioglycolic acid and
glutathione respectively were investigated at 30 °C in aqueous media in the pH range of 2.0
- 10.33 with varying reductant concentrations at constant ionic strength, p = 0.20 C? mol
dm™ (NaClO,). The reactions were first order in both complex and reductants according to

the rate law as shown in equation 2.1;

_ 111 -
w = ko[Mn"(cdta) ][reductant] 2.1

The reactions occured via inner-sphere mechanism due to the formation of an inner-
sphere associated complex, which decomposed unimolecularly before electron transfer
from the thiols to the oxidant. Free radicals participated in the reactions and the oxidation
products of the thiols were dithiodiglycolic acid and glutathione disulphide respectively
(Gangopadhyay et al., 1994b).

The kinetics and mechanism of the reduction of [Fe(salen)(H,0),]", by L-ascorbic
acid was studied under pseudo first order conditions at 28.5 + 0.3 °C and 515 nm. First
order dependence was observed in both reactants and the reaction was acid catalysed,
whereas varying the ionic strength and dielectric constant of the medium did not affect the
reaction rate. An inner-sphere mechanism was proposed as the reaction pathway (Alioke et
al., 2012).

However, Atiga et al. (2014) reported a proton-coupled outer-sphere electron
transfer mechanism in the reduction of p-adi-di(N,N’-

bis(salicylidene)ethylenediaminatoiron(111)) complex, [Fe.adi], by dithionate ion, S,0¢%, in



aqueous perchloric acid. The results indicated a first order dependence in [Fe;adi] but a
zeroth-order dependence in [S,0¢>] whereas spectrophotometric titrations indicated the
reduction of one mole of the complex by a mole of the reductant. The reaction rate
increased with increasing [H'], decreased with increasing dielectric constant, but was
unaltered by increasing ionic strength of the medium. The results also show that addition
of ions such as CH;COO™ and Mg?* ions had no effect on the reaction rate, an indication of
a probable intramolecular electron transfer in Fe,adiH,?* in the rate-determining step.

The presence of free radicals and the formation of an inner-sphere complex were
inferred in the kinetics of oxidation of glyoxylic acid (HGI) by Mn"'(salen)(OH,),"
(Hzsalen = N,N-bis(salicylidene)ethane-1,2-diamine) investigated in the pH range of 1.83 -
6.10 and at p = 0.3 C mol dm™ (NaClO,). Formic acid, CO, and Mn" were identified as
the reaction products from a reaction stoichiometry where 2 moles of Mn'"(salen)(OH,),"
were reduced per mole of glyoxylic acid. The reaction involved fast equilibrium pre-
association of Mn"'(salen)(OH,)** with HGI and its conjugate base GI" forming the
corresponding inner-sphere complex followed by the slow electron transfer steps (Kar et
al., 2014).

Redox reaction of adipato bridged iron(lll)salen complex, [(Fe(salen)).adi] with
dithionite ion, S,04%, was carried out in aqueous perchloric acid at 29 + 1 °C.
Spectrophotometric titrations indicated the reduction of one mole of [(Fe(salen)),adi] per
mole of $,0,% and sulphur(IV) oxide was proposed as the oxidation product of $,0,* ion.
First order dependence in [(Fe(salen)),adi] and [S,04%] was observed in the reaction and
the reaction rate increased with increase in [H'] but was unaffected by changes in ionic
strength, dielectric constant of the medium and added ions. An inner-sphere electron

transfer was proposed as the reaction pathway (Ukoha et al., 2015).
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Recently, Jena et al. (2018) investigated the reaction of trans-
Mn"'(salophen)(OH,)** and bioxalate (HOX) in aqueous medium and reported the rapid
equilibration of the reactants to trans-Mn"'(salophen)(OH,)(HOX) followed by an acid
dissociation equilibrium to an aqua-mono oxalate complex which obeyed second order
kinetics satisfying 2:1 stoichiometry with reaction products of Mn" and CO,.
Polymerisation was not induced by acrylamide monomer and it was observed that H,OX
was a better reducing agent than HOX",

The redox reactions of the oxalato complexes indicated the significance of H-
bonding interaction, supporting a proton controlled electron transfer process (PCET)
(Huynh and Meyer, 2007). Reports have also indicated that the Mn'"'(salophen/salen)
complexes may be good substitutes for Oxalo Oxidase (OXO) enzyme for improving
oxalates in plants and animal biochemistry (Jena et al., 2018).

2.2  Reactions of Thioglycolic Acid

Thioglycolic acid (TSH) also called mercaptoacetic acid, HSCH,COOH, is the
simplest and industrially most important mercaptocarboxylic acid which has two reactive
centers; the mercapto group and the carboxyl group. The compound forms salts of the
carboxyl and mercapto groups, esters, amides, anilides, thioethers, and so on (Rippel and
Hoechst, 2012). Many biological functions of thiol-containing compounds are governed by
their easy oxidation (Jocelyn, 1972; Friedman, 1973).

The strongly reducing nature of mercaptoacetic acid is of importance both in
investigations of biochemical redox and enzyme systems and in industrial applications such
as cold-waving preparations and modification of wool (Rippel and Hoechst, 2012).

Sun and Stanbury (2002) reported the oxidation of thioglycolic acid by [IrClg]* in

aqueous solution at 25 °C and found the reaction to be highly susceptible to trace metal-ion
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catalysis. Suppressing this catalysis was effective using bathophenanthrolinedisulphonate
(bathophen), which allowed studying the direct oxidation process. Although a disulphide
was produced as a reaction product in the absence of bathophen, a mixture of a disulphide
and a sulphonate were produced in its presence. In both cases, Ir(IV) was reduced to
[IrCle]*. The reaction displayed first order dependence in both Ir(1V) and thioglycolic acid
and the result shows a complex pH dependence due to the diprotic nature of thioglycolic
acid.

In order to account for the product mixture, Sun and Stanbury (2002) proposed a
mechanism in which RSO3" was produced in a series of steps originating with the oxidation
of RS by [IrClg]*, while RSSR was produced by association of RS with thioglycolic acid
to generate RSSR™ and oxidation of RSSR™ by [IrClg]*".

In another study, Mandal et al. (2015) reported the reduction of
[(en)(dien)Co"'(0,)Co"'(en)(dien)]>* by thioglycolic acid (HSCH,COOH) to
[(en)(dien)Co"'(1-0,)Co"'(en)(dien)]** in an acidic media ([H*] = 0.01- 0.06 mol dm™).
Thiolate anion was proposed as the reactive form of the reductant as observed from the
decrease in reaction rate with increasing ionic strength and [H'] of the media and a
disulphide was analysed as the reduction product of thioglycolic acid.

2.3 Reactions of Oxalic Acid

Oxalic acid is the simplest dicarboxylic acid, with the formula HO,CCOH. It is a
much stronger acid than acetic acid and is also a strong reducing agent (Khan et al., 1998).
Its conjugate base, the oxalate dianion (C,0,%), is a chelating agent for many metals; for
example in the drug oxaliplatin, the anion chelates platinum(ll) (Ehrsson et al., 2002).
Oxalic acid and oxalates can be oxidised by permanganate in an autocatalytic reaction

(Kovacs et al., 2004).
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The kinetics of oxidation of oxalic acid by BiFg was investigated in HCIO4 and HF
mixture and the reaction rate followed first order kinetics in Bi(V) and oxalic acid. The
reaction was [H'] independent and addition of HF and F~ had no effect on the reaction rate
whereas the rate decreased with an increase in ionic strength of the reaction medium. The
results indicated the formation of an intermediate complex through hydrogen bonding
interaction between BiFs and oxalic acid prior to electron transfer (Prasad et al., 2007).

Similarly, Banerji et al. (2009) reported an inner-sphere oxidation of 5 moles of
oxalic acid by 2 moles of permanganate in the reaction of oxalic acid with bis(pyridine)
silver permanganate in aqueous acetic acid. The participation of free radicals in the reaction
was unlikely whereas the formation of carbon dioxide and Mn(ll) as reaction products were
confirmed. The reaction was first order each with respect to permanganate and oxalic acid
and was catalysed by hydrogen ions. An intercept was obtained from the Michaelis-Menten
plot supporting a reaction mechanism involving the formation of an intermediate.

Furthermore, the kinetics of micellar catalysed oxidation of oxalic acid by N-
bromophthalimide was studied in perchloric acid at 308 K. The order of reaction with
respect to [oxalic acid], [oxidant], and [H'] were fractional, first and negative fractional
order respectively. Increase in the concentration of cetyltrimethylammonium bromide
increased the reaction rate whereas ionic strength and added ions (CI” and Br’) had no effect
on the rate but the rate decreased with increasing dielectric constant of the medium. A
positive cooperativity (n = 1.15) was obtained indicating a significant interaction between
cetyltrimethylammonium bromide and oxalic acid (Katre et al., 2012).

Recently, Peng and Guo (2020) also studied the reduction of Cr(V1) by oxalic acid
at 70 °C and at high acid (H,SO,4) concentration. The reduced product, Cr(l11), was in the

form (Cr(HC,0,)3), which displayed a negative effect on the reduction process. However,
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the high reaction temperature and high acidic medium destroyed the stable structure of the
complex compound to release oxalate, and facilitated the reduction of Cr(\VI1) to Cr(lll).
The results indicated a alternative approach for Cr(VI) reduction and demonstrated
potential future applications in wastewater treatment.

2.4 Reactions of Hypophosphorous Acid

Hypophosphorous acid, H3PO; is an oxyacid of phosphorus (Mehrotra, 2013). It has
phosphorus in an oxidation state of +1 and is a powerful reducing agent (Greenwood and
Earnshaw, 1997). The acid has been found to be a better reducing agent than phosphorous
acid (Mohammed et al., 2017) and it is been used for the formulation of pharmaceuticals,
discolouration of polymers and water treatment (Mehrotra, 2013).

Most electron transfer reactions of hypophosphorous acid proceed by mechanisms
involving tautometric forms of hypophosphorous acid in aqueous solution. Reversible
tautometric shift is catalysed by acid between the predominant inactive tautomer,
HOP(O)H; and the minor active tautomer HP(OH), which is followed by reaction of the
active form with the oxidant (Mohammed, et al., 2017).

Similarly, reactions of H3PO, are reported to involve radical formation such as
HPO,", HPO3", or "POs%, which can be generated in aqueous solutions by interaction of
HsPO, with Ti"' or hydrogen peroxide (Beckwith, 1972).

The reaction of HzsPO, and [CoW:1,04]° in HCI has been studied. A reversible rate
determining step led to the formation of the hypophosphorous acid radical (H,P'O;), which
rapidly reacted with the complex to form H3PO3; (Ayoko, 1990).

Other researchers have studied the kinetics of the oxidation of neutral red (NR™), by
hypophosphorous acid (H3POy), in aqueous perchloric acid medium under pseudo-first

order conditions at 23 + 1°C, [H*] = 1.0 x 10% mol dm™, u = 0.1 C* mol dm™ (NaClO,) and
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Amax = 525 nm. The reaction was first order in [NR*] and [HsPO,]. The reaction was acid
independent and displayed a zero Bronsted-Debye salt effect. There was no evidence of
formation of an intermediate complex of significant stability and free radicals were absent
in the reaction. The results suggested an outer sphere mechanism for the reaction (Ibrahim
etal., 2016).

Similarly, Mohammed et al. (2017) reported the reduction of diaquotetrakis(2,2’-
bipyridine)-p-oxodiruthenium(111), [(H20)2(bipy)sRu,0]s", by HiPO, in aqueous acidic
medium at ionic strength = 0.5 C?> mol dm™ (NaClO,), [H'] = 5.0 x 10 mol dm™ and
temperature = 31 £ 1 °C. The stoichiometry of the reaction showed that 1 mole of
[(H,0),(bipy)sRu,0]4" was reduced per mole of HsPO,. The reaction was first order with
respect to both [(H20)2(bipy)sRu,04"] and [H3PO], hence second order overall. Variations
in the ionic strength and dielectric constant of the reaction medium had no effect on the
rate. Similarly, the addition of various ions to the reaction medium did not affect the rate.
Free radicals were identified in the reaction by a polymerisation test and spectroscopic
information and Michaelis—Menten plots suggested the absence of an intermediate complex
prior to electron transfer. The reduction product of [(H,0)2(bipy)sRu,0]s" and the oxidation
product of HsPO, were [(H20)2(bipy).Ru]** and H3POj3 respectively. The results proposed
that the reaction occurred through an outer sphere pathway.

2.5  Reactions of Hydrogen Peroxide

Hydrogen peroxide, H,O,, is a very pale blue, clear liquid which is slightly
more viscous than water (Housecroft and Sharpe, 2005). It is an environmentally friendly
oxidant used as bleaching agent in textiles, personal care products and also in wastewater
treatment (O'Neil, 2013). It is also used in food processing industry as chlorine-free

bleaching and sterilizing agents, although its consumption in high concentration (0.05 %
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w/w) according to U.S. FDA regulations (U.S. FDA, 2011) can cause food poisoning
(Lu etal, 2011; Linley et al., 2012). Concentrated hydrogen peroxide is also used as
a propellant in rockets (Hill, 2001).

Hydrogen peroxide is formed in human and animals as a short-lived product in
biochemical processes and istoxictocells. The toxicity is due to oxidation
of proteins, membrane lipids and DNA by the peroxide ions. A class of biological
enzymes called SOD (superoxide dismutase) is developed in nearly all living cells as an
important antioxidant agent (Loffler and Petrides, 1988).

Luo et al. (2005) examined the reaction kinetics of L-cysteine (CSH) with hydrogen
peroxide (H,0,) in aqueous buffers (in the absence of metal ions) over a wide range of pH
(pH 4-13) and at varying ratios of initial reactant concentrations. The disappearance of
CSH and H,0, and appearance of cystine (CSSC) versus time were monitored by reverse-
phase high performance liquid chromatography (HPLC). It was observed that the reaction
of CSH with H,0, in the absence of metal ions (Cu?*) is quantitatively consistent with a
two-step nucleophilic reaction mechanism involving rate-determining nucleophilic attack
of thiolate anion on the unionized H,O, to generate cysteine sulphenic acid (CSOH) as an
intermediate. The results indicated that the generation of the reactive sulphenic acid
intermediate and are of biological importance because these reactions may regulate a wide
array of cellular processes.

In another investigation, Skounas et al. (2010) reported the catalytic decomposition
of H,O, by complexes of copper(ll) with polymers such as alanine (PAla) and
glycylglycine (PGlygly) in alkaline condition. The observed trend in catalytic efficiency

was PGlygly > Pala, due to the differences in the modes of complexation and the adopted
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conformations of the macromolecules upon complexation. A reaction mechanism was
proposed which involved the reduction of Cu(ll) to Cu(l) in the rate determining step.

Moreover, Impert et al. (2012) reported that the oxidation of
trispicolinatoruthenate(l1) complex by hydrogen peroxide gave
mertrispicolinatoruthenium(lll) in acidic solution. Kinetics of the reaction was studied
under a large excess of H,O, at constant pH. The rate of the reaction decreases with
increasing pH and was completely retarded in alkaline media. The reaction was perceived
to occur through the picolinato chelate ring opening followed by substitution of the
coordinated water by H,0, and a two-electron intramolecular ruthenium(ll) oxidation. The
results show a slower rate of the trispicolinatoruthenate(ll) oxidation by hydrogen peroxide
or dioxygen than the mertrispicolinatoruthenium(lll) reduction by bioreductants such as
cytochrome cll or cobalt(I1) reductants.

Onu et al. (2015) have also studied the the reduction of H,O, by
aminocarboxylactocobaltate(ll) complex ([COHEDTAOH,]) in agueous medium at T = 29
+1°C, p = 0.50 C* mol dm™ (NaClO,4) and [H*] = 1 x 10" mol dm™. It was observed that 2
moles of the complex were oxidised per mole of H,O, and the reaction displayed first order
dependence in the concentrations of the reductant and oxidant and inverse acid dependence.
The reaction was insensitive to changes in ionic strength of the medium suggesting
interaction of charged and uncharged species at the activated complex. The Michaelis-
Menten plot was linear without intercept, which suggested the absence of intermediate
complex. The results obtained were in favour of the occurrence of outer-sphere mechanism.
2.6 Reactions of Thioglycol

Thioglycol (RSH) also called 2-mercaptoethanol, HOCH,CH,SH, is a colourless

liquid with an unpleasant odour. It is miscible in water and nearly all common organic
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solvents. It is produced by reaction of hydrogen sulphide gas and ethylene oxide (Roy,
2005). The compound is used as intermediate for the synthesis of polyvinylchlorides (PVC)
heat stabilizers and as a chain transfer agent in the manufacture of PVC.

It is also used to produce dispersants, fibers, textiles, dyes and pharmaceuticals.
Furthermore, it is used as a component of corrosion inhibitors and ore floatation agent. Low
molecular weight thiols or their esters such as thioglycol, 1-thioglycerol and dithiothreitol
denatures protein by reducing disulphide linkages leading to tautomerization and breaking
up of quaternary protein structure (Shen et al., 2010).

Goswami et al. (2004) carried out kinetic investigation on the reductions of
[L*MNn"Y(0),Mn"'LY] (L! = 1,4,7,10-tetraazacyclododecane) and [L*Mn"(0),Mn"'L?] (L% =
1,4,8,11-tetraazacyclotetradecane) by 2-mercaptoethanol (RSH) in aqueous buffer at 30 +
0.1 °C. The reactions were slow but significantly catalysed by copper(ll) ions. The
reactions were highly influenced by acid variation of the medium and the observed kinetics
suggested the significance of [Cu(RSH)]** and [Cu(RS)]" for the reaction between
[L'*MNn"Y(0),Mn"'L}] and RSH. The reduction of [L°Mn'(0),Mn"'L?] by the thiol was
complex and rationalized considering two equilibria involving the catalyst (Cu®*) and the
reductant. The pH rate profile suggested the importance of both the p-O protonated
[Mn"(0)(OH)Mn"] and the deprotonated [Mn'"'(0),Mn"Y] forms of the oxidant,
[L2Mn"(0);Mn"'L?] in the reaction. The
results indicated the dominance of an outer-sphere pathway.

Similary, Chakraborty et al. (2013) reported the oxidation of 2-mercaptoethanol and
L-cysteine by an aqueous solution of [Mn"5(u-O)s(phen)s(H.0),]** (phen = 1,10-
phenanthroline) in the pH range 2.2-4.0 to their respective disulphides, itself being reduced

to [Mn(phen)s]** in the presence of excess 1,10-phenanthroline. The observed rate
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constants in H,O were lower in D,O media and a proton-coupled single electron transfer
step was proposed. The result indicated that the deprotonated oxidant reacted faster than the
protonated species in oxidising both the thiols.

Other researchers (Shanmugaprabha et al., 2016) have carried out Kinetic
investigation on the oxidation of 2-mercaptoethanol and 2-mercaptoethylamine by
heteropoly 11-tungsto-1-vanadophosphate anion, [PVYW,0*]*, in aqueous perchloric
acid at 25 °C. Electron paramagnetic resonance (EPR) and optical studies showed that
[PVVW1,040]* was reduced to the one-electron anion, [PV'VW1;04]%, while the thiols
were oxidised to their corresponding disulphides, RSSR. Spectrophotometric titrations
showed 1:1 reaction stoichiometries. At constant pH, the reactions showed simple second

order kinetics with first order dependence of rate on both [oxidant] and [thiol]. The reaction

1
[H*]

rate increased with increasing pH and plots of k, versus were linear with intercepts,

showing that both the undissociated thiol (RSH) and thiolate ion (RS") were reactive.
Generation of RS® from RSH occured via a separated concerted proton—electron transfer
mechanism (Shanmugaprabha et al., 2016).
2.7  Reactions of Thiocyanate lon

Thiocyanate ion, (SCN ), is the conjugate base of thiocyanic acid. It is analogous to
the cyanate ion, (OCN"), where oxygen is replaced by sulphur. Itis also one of the
pseudohalides, due to its similarity to the reactions of halide ions. Organic and transition
metal derivatives of thiocyanate ion can exist as linkage isomers. In thiocyanates, the
organic group (or metal ion) is attached to sulphur, R—S—C=N, has a S—C single bond and a
C=N triple bond. However, in isothiocyanates, the substituentis attached to nitrogen,

R—N=C=S, has a S=C double bond and a C=N double bond (Guy, 1977).
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Organic thiocyanates are valuable building blocks in organic chemistry and they
allow access to various sulphur containing functional groups (Castanheiro et al., 2016).
Thiocyanate is known to be an important part in the biosynthesis of hypothiocyanite ion by
a lactoperoxidase which functions as an antimicrobial agent in host defense (Conner et al.,
2007; Pedemonte et al., 2007). Thiocyanate ion has antioxidant properties that include the
ability to protect cells against oxidising agents such as hypochlorous acid (HOCI) and
repair protein chloramines. The diverse properties of thiocyanate ion both as host defense
and antioxidant agent make it a potentially useful therapeutic agent (Joshua and Brian,
2012).

It has been shown that the complete absence of thiocyanate or reduced
thiocyanate in the human body (cystic fibrosis) is damaging to the human host defense
system (Moskwa et al., 2007; Minarowski et al., 2008; Xu et al., 2009). It is a potent
inhibitor of iodide transport and is a competitive substrate for the thyroid peroxidase but it
does not appear to be concentrated in the thyroid. Blockage of the iodide trapping
mechanism has a disruptive effect on the thyroid-pituitary axis, similar to iodine deficiency
(Klaassen, 2001).

Industrial applications of thiocyanates include photography, printing, textiles,
dyeing, medicines, freezing mixtures, manufacture of synthetic dyestuffs, sulphocyanides,
thioureas and mustard oil. It is also as an analytical reagent. Thus, the reactions of
thiocyanate ions are of interest due to their medicinal and biological importance as well as
their analytical and industrial applications (Nandibewoor et al., 2000).

Previous reports indicated that zinc(lI1), cobalt(I1) and copper(ll) ions form a stable
anion, [M(SCN)4]*, with thiocyanate, which interacted with methylene blue to form an ion-

pair, MB,[M(SCN),], and turned methylene blue violet. The kinetics of formation of
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ternary complexes were therefore studied using stopped-flow technique and the study
provided an alternative method for the spectrophotometric determination of Co(ll) and
Zn(11) ions (Jonnalagadda and Gollapalli, 2008).

Nandibewoor et al. (2000) studied the oxidation of thiocyanate by periodate in
alkaline media and observed a very slow reaction in the absence of a catalyst but was

" The reaction products were OCN", SO,* and

significantly catalysed in the presence of Ru
103" from a reaction stoichiometry that indicated the consumption of 4 moles of 104 per
mole of SCN". Changes in the concentration of alkali did not alter the reaction rate whereas
a decrease in rate was recorded with an increase in ionic strength of the reaction medium. A
first order dependence each in [Ru""] and [1047] while a half order dependence in [SCN]
were obtained in the reaction. The mechanism for the reaction was illustrated by the
formation of an adduct between Ru" and SCN™ which reacted with 10, at the rate
determining step for electron transfer.

In another investigation, Kalmar et al. (2013) reported a mechanistic investigation
on the multistep oxidation of excess SCN” with peroxomonosulphate ion (HSOs) in the pH
range of 6.5 — 13.5. The intermediate detected under the reaction condition was OSCN™ and
an evaluation of the estimated activation parameters of the elementary steps showed that
the oxidations of SCN™ as and the consecutive oxidation of OSCN" by HSOs occurred
through 2e" transfer steps rather than 1e” transfer.

2.8 Reactions of Thiosemicarbazide
Thiosemicarbazide, H,NCSNHNH,, is similar to thiourea, H,NCSNH,, but with an

additional NH center and their complexes are effective antibacterial agents (Sorouraddin et

al., 2005). They form coordination bonds to metal ions which may involve
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thiosemicarbazide as either a neutral ligand or as a deprotonated ligand (EI-Gammal et al.,
2014). They are also used in heterocyclic synthesis (Metwally et al., 2011).
Thiosemicarbazide and its derivatives are useful intermediates and subunits for the
development of molecules having pharmaceutical or biological interest (Metwally et al.,
2011). They also have potent biological activity (Hong et al., 2004) particularly as
antimicrobial and antifungal agent (Yamagushi et al., 2009). The biological activities of
thiosemicarbazides could be enhanced by the functional groups on the parent aldehyde or
ketone (Ferrari et al., 2001). It is also good as a potential antitumour agent (Ferrari et al.,
1999; Alli et al., 2001; Gielen, 2003), antimalarial and antiviral agents (Alsop et al., 2005),
ulcer inhibitory, radioprotectory, anticonvulsant and anticancer agents (Singh et al., 2006).
Oxidation of these thiosemicarbazides by various oxidants like ferricyanide
(Llewellyn, 2014), ferric ion (Ratnam and Anipindi 2012), N-chloro-3-methyl-2,6-
diphenylpiperidin-4-one (Ramalingam et al., 2009), bromate (Jonnalagadda et al., 2002),
manganese(l1l) (Sherigara et al., 1994), hydrogen peroxide (Gowda and Vasireddy, 1990)
and by haloamines (Gowda and Bhat, 1987; Gowda and Rao, 1988; Gowda and Sherigara,
1989; Gowda et al., 1991), N-chlorobenzamide (Nayak and Gowda, 1992), Cobalt(lIl)
(Prakash et al., 1992), Vanadium(V) (Kandpal et al., 1996), ruthenium(lll) (Das-Karfa et
al., 2010), [Mn"YMogO3,]* (More et al., 2018), Cu?* (Chattopadhyay and Mak, 2000) have
been carried out with the major products of oxidation given as carbon dioxide, hydrogen
sulphide, nitrogen species, cyanide and sulphate except in case of ferric ion where the
product is disulphide (Ratnam and Anipindi 2012; Llewellyn, 2014) and Ru(lll) with a

bridged product, [(tap),Ru(p-O)(p-tsc)Ru(tap),]** (Das-Karfa et al., 2010).
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2.9  Reactions of Thiodiglycol

Thiodiglycol or bis(2-hydroxyethyl) sulphide, (HOC,H,).S, is the primary
hydrolysis product of sulphur mustard (CIC,H,),S (a chemical warfare agent, CWA)
(Munro et al., 1999) both in its deliberate destruction and environmental degradation
(Ashmore and Nathanail, 2008). It is also a starting material for the production of sulphur
mustard (Sokotowski and Konopski, 2007). Thiodiglycol has been used as a marker and
considered a proof of the use of mustard gas (Caballero et al., 2018).

The organic compound is also used as a solvent in antifreeze solutions, a dyestuff
for printing and in the textile industry, an antioxidant, a vulcanizing agent, an intermediate
for other commodities, and a costabilizer in the production of polyvinyl chloride
(Veriansyah et al., 2006). It is relatively non-toxic (Watson, and Griffin, 1992) despite
having a similar structure and physical properties as sulphur mustard (Veriansyah et al.,
2006) and thus also used as a model organic sulphur compound. Thiodiglycol has high
thermal and chemical stability and as such severe conditions are necessary for its
remediation. It is also resistant to hydrolysis and photolysis (Lee and Allen, 1998;
Veriansyah et al., 2006).

Sulphur mustard is cytotoxic and is also a carcinogenic and mutagenic alkylating
agent and its destruction has mainly been through incineration or neutralization, both very
expensive processes, while bioremediation offers a very advantageous alternative method
because of its minimal environmental impact and its cost effectiveness. Biodegradation of
mustard gas has not been achieved under laboratory conditions due to its toxicity to micro-
organisms (Munro et al., 1999). A two-step process for the destruction of mustard gas has
already been conceived and developed: the first step lies in the chemical hydrolysis of the

gas (Harvey et al., 1998) or the chemical treatment of mustard—lewisite mixtures (Boronin
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et al.,, 2000), and the second step the biodegradation of the detoxification product,
thiodiglycol. Although thiodiglycol has a lower toxicity, it has to be destroyed and not left
to accumulate in the environment (Dell’ Amico et al., 2009).

It was demonstrated that sulphur mustard from stockpile storage containers could be
quickly hydrolyzed with water at 90 °C (Kim et al., 1997). Since two equivalents of HC1
are produced in this reaction, the product is neutralized with NaOH upon cooling. This
reaction yields 90-95% thiodiglycol which is non-toxic, readily biodegradable, and
miscible in water (Harvey et al., 1997; Harvey et al., 1998). However, because thiodiglycol
is reversibly converted to sulphur mustard in the presence of concentrated HCI, it is
classified as a Schedule Two Compound in the Chemical Weapons Convention and has to
be further processed (U.S. Arms Control and Disarmament Agency, 1993; Kim et al., 1997;
Medvedeva et al., 2008).

If thiodiglycol was not degraded during hydrolysis, it may react with mustard gas or
it intermediates to form more toxic thiodiglycol aggregates and derivatives (Munro et al.,
1999; Medvedeva et al., 2008), or even react with degradation product to reverse the
pathway of mustard gas degradation (Brevett et al., 2009).

The source of environmental thiodiglycol is not limited to the hydrolysis of mustard
gas as it is also commercially exploited in textile dyeing, ink, and in printing solvents. It
also has applications in chemical synthesis as a building block. Therefore, environmental
contamination could also occur by accidental release, or through chemical synthesis waste
water streams (Toups et al., 2010).

Ogata and Sawaki, (1963) examined the catalytic activities of some inorganic
compounds for the hydrogen peroxide oxidation of thiodiglycol (TDG) in aqueous media at

25 °C and at a pH of 4.7. The order of catalytic activity was Na,MoO,4 ~ Na,WQ, >>

24



H.SeO; > NH4;VO3 = Na,TeO,; =~ UO,(OAc), = Cu(OAc),. The kinetic studies of the
reaction with sodium molybdate as a catalyst indicated the probable oxidation of
thiodiglycol by dihydroperoxymolybdate, HMoOg", formed rapidly from Na,MoO, and
hydrogen peroxide. An increase in reaction rate was reported with decreasing pH, which
was attributed to the transformation of HMoOs™ to H,Mo0Og, an indication of both forms
being reactive.

In another investigation, Variansyah et al. (2006) studied the hydrothermal rate of
decomposition thiodiglycol in an isothermal continuous tubular reactor under supercritical
water conditions at the temperature range of 386 to 528 °C and a pressure of 25 MPa. The
conversion of thiodiglycol was monitored by analyzing the total organic carbon (TOC)
content of the liquid effluent samples and the reported reaction products were H,S, CO,
CHy, CO,, CoH4, CHgand H,SO.4.

2.10 Reactions of Sodium Dodecyl Sulphate

Sodium dodecyl sulphate (SDS), also known as sodium lauryl sulphate (SLS), is a
synthetic organic compound with the molecular formula CH3(CH3)1:SO4Na. It is an anionic
surfactant used in many cleaning and hygiene products and is commonly used as a
component for lysing cells during RNA extraction and/or DNA extraction, and for
denaturing proteins in preparation for electrophoresis in the SDS-PAGE technique. Along
with sodium dodecylbenzene sulphonate and Triton X-100, aqueous solutions of SDS are
popular for dispersing or suspending nanotubes, such as carbon nanotubes (CNTSs) (Islam,
2003).

The periodate oxidation of bis-(1,10-phenanthroline)-dicyano  iron(ll),
[Fe(C12HsN2)(CN).], in SDS surfactant was studied in aqueous and acidic medium. The

redox reaction was catalysed in H,SO, acid and the catalytic factor was much lower in
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absence of acid. The higher rates in acid-micelle solution are the reverse to what was
observed in surfactant-free medium where acid inhibited the reaction. The results were
interpreted in terms of electrostatic attraction between the protonated species and the
anionic surfactant aggregates (Soriyan et al., 2008).

Similarly, the base hydrolysis of malachite green (MG") was studied in aqueous
solution of mixed surfactants of sodium dodecyl sulphate (SDS) and Triton X-100 (TX-
100). The results show that the SDS/TX-100 system compositions has relatively significant
influence on the rate constant of the base hydrolysis of MG* when compared to the reaction
in the respective single surfactant systems (Soriyan et al., 2009).

In addition, the electron transfer reaction between [Fe(bipy)s]** and [Co(CN)sN3]*
has been investigated in aqueous solutions of SDS, Triton X-100 and SDS/Triton X-100
mixtures. SDS inhibited the electron transfer reaction while Triton X-100 showed no
significant effect on the reaction. Binding parameters were obtained using Piszkiewicz
model with cooperativity index n = 2.184 in the presence of SDS. Binary mixture of
surfactants Triton X-100/SDS inhibited the reaction at low concentrations of Triton X-100
with relative rate enhancement as the mixture becomes richer in Triton X-100. The results
were explained in terms of strong electrostatic and/or hydrophobic interactions between the
surfactants and the substrates (Ogunlusi et al., 2013).

2.11 Reactions of Cetyltrimethylammonium Bromide

Cetyltrimethylammonium bromide (CTAB) also known as
hexadecyltrimethylammonium bromide and cetrimonium bromide is a quaternary
ammonium surfactant with the molecular formula [(C1sH33)N(CH3)3]Br. It is one of the
components of the antiseptic, cetrimide (Laemmli, 1970). The cetrimonium

(hexadecyltrimethylammonium) cation is an effective antiseptic agent against bacteria and
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fungi. It is also one of the main components of some buffers for the extraction of DNA
(Clarke, 2009). It has been widely used in synthesis of gold nanoparticles and mesoporous
silica nanoparticles and also in hair conditioning products.

The alkaline fading of brilliant green (a triphenylmethane dye) was examined in
aqueous solutions of dodecyltrimethylammonium bromide (DTAB),
didodecyldimethylammonium bromide (DDAB) and cetyltrimethylammonium bromide
(CTAB) at 25 °C. The pseudo-first order rate constant variation with surfactant
concentration showed a sigmoid shaped curve, which is analogous to the positive
cooperativity in enzymatic reactions. The catalytic factors k,/k, of 1.8, 11.9 and 30.4 were
obtained for DDAB, DTAB and CTAB respectively. The data obtained fitted the
Pieszkiewicz model with the value of the cooperativity index, n, greater than unity in all
cases, but less than the number of surfactant molecules found in micelle, which indicated
the presence of pre-micelle aggregates (Owoyomi et al., 2007).

Similarly, the redox reaction between tris(1,10-phenanthroline)iron(ll),
[Fe(phen)s]**, and azidopentacyanocobaltate(I11), [Co(CN)sNs]*> was investigated in three
cationic surfactants: dodecyltrimethylammonium bromide (DTAB),
tetradecyltrimethylammonium bromide (TTAB) and cetyltrimethylammonium bromide
(CTAB) in the presence of 0.1 mol dm™ NaCl at 35 °C. Second order rate constant in the
absence and presence of surfactant, ky, and k,, were determined and inhibition factors, ku/k,
followed the trend CTAB > TTAB > DTAB with respect to the surfactant concentrations
used. Electron transfer rate was inhibited by the surfactants with premicelllar activity. The
magnitudes of the binding constants obtained suggested significant electrostatic and
hydrophobic interactions. Activation parameters AH', AS', and E, had larger positive values

in the presence of surfactants than in surfactant-free medium. The electron transfer was
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proposed to proceed via outer-sphere mechanism in the presence of the surfactants

(Ogunlusi et al., 2016).
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CHAPTER THREE

3.0 MATERIALS AND METHODS

3.1  Materials
3.1.1 Chemicals and reagents

All chemicals and reagents used in this work are analar grade and were used
without further purification except otherwise stated. The chemicals used include o-
phenylenediamine (BDH), salicylaldehyde (Merck), methanol (Merck), anhydrous iron(l11)
chloride (SureChem), manganese(ll) acetate tetrahydrate (Loba Chemie), lead(1V) oxide
(BDH), acetic acid (Riedel-deHaen), DMSO (JHD), thioglycolic acid (BDH, 92.12 g mol™,
98 %, density 1.33 g cm™), oxalic acid dihydrate (JHD, 126.07 g mol™), hypophosphorous
acid (Sigma-Aldrich, 66.0 g mol™?, 50 %, density 1.21 g cm™), sodium thiosulphate
pentahydrate (Kermel, 248.17 g mol™), hydrogen peroxide (BDH, 34.015 g mol™, 30 %,
density 1.11 g cm™), thioglycol (Merck, 78.13 g mol™, 98 %, density 1.114 g cm™),
potassium thiocyanate (BDH, 97.181 g mol™), thiosemicarbazide (Kem Light, 91.14 g mol’
1, thiodiglycol (BDH, 122.19 g mol™, 97 %, density 1.18 g cm™®), sodium dodecyl
sulphate (BDH, 288.38 g mol™), cetyltrimethylammonium bromide (PureChem, 364.46 g
mol™), sodium chloride (JHD, 58.44 g mol™), sodium carbonate (BDH, 105.99 g mol™),
hydrochloric acid (BDH, 36.46 g mol™, 36.5 %, density 1.18 g cm™), sodium nitrate (BDH,
84.99 g mol™), sodium sulphate (Kermel, 142.04 g mol™), potassium chloride (BDH, 74.55
g mol™), sodium acetate (BDH, 82.03 g mol™), sodium formate (Hopkin and Williams,
68.01 g mol™), calcium chloride (BDH, 110.99 g mol™) and magnesium chloride

hexahydrate (BDH, 203.30 g mol™).
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3.1.2 Equipment

The rates of the reactions were monitored by following the rate of decrease in
absorbance of the reactions on a Corning 253 colourimeter. All weighings were done using
Mettler Toledo MS-TS analytical balance. Conductivity measurements were carried out
with a HANNA HI 4321 conductivity meter.
3.1.3 Preparation of DMSO:H,0 (1:4 v/v) mixed solution

Mixed solution (DMSO:H,0; 1:4 v/v) was prepared by measuring 50 cm® of DMSO
(JHD) using a measuring cylinder into a 250 cm?® volumetric flask and made up to the mark
with distilled water.
3.1.4 Preparation of stock thioglycolic acid solution

Stock solution of thioglycolic acid, HSCH,COOH, (1.0 mol dm™) was prepared by
transferring 7.07 cm® of 98 % HSCH,COOH solution (BDH, 92.12 g mol™, density 1.33 g
cm™®) into a 100 cm® volumetric flask and made up to the mark with distilled water.
3.1.5 Preparation of stock oxalic acid solution

Stock solution of oxalic acid (H2C,04) (0.5 mol dm™) was prepared by dissolving
3.15 g of H,C504.2H,0 (JHD, 126.07 g mol™) in a 100 cm® volumetric flask with distilled
water and was standardised titrimetically using standard sodium hydroxide (NaOH)
solution.
3.1.6 Preparation of hypophosphorous acid stock solution

Stock solution of hypophosphorous acid, HsPO,, (0.5 mol dm™) was prepared by
transferring 2.73 cm?® of 50 % H3PO, solution (Sigma-Aldrich, 66.0 g mol™, density 1.21 g
cm™®) into a 50 cm® volumetric flask and made up to the mark with distilled water and was

standardised titrimetically using standard NaOH solution.
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3.1.7 Preparation of sodium thiosulphate solution

A solution of sodium thiosulphate, Na;S,03, (1.0 mol dm™) was prepared by
dissolving 24.82 g of Na,S,03.5H,0 (Kermel, 248.17 g mol™) in a 100 cm® volumetric
flask and made up to the mark with distilled water.
3.1.8 Preparation of stock hydrogen peroxide solution

Stock solution of hydrogen peroxide, H,0, (1.0 mol dm™®) was prepared by
transferring 10.21 cm® of 30 % H,0, solution (BDH, 34.015 g mol™, density 1.11 g cm™)
into a 100 cm® volumetric flask and made up to the mark with distilled water and was
standardised titrimetically using sodium thiosulphate (Vogel, 2000).
3.1.9 Preparation of stock thioglycol solution

Stock solution of thioglycol, HSCH,CH,OH, (1.0 mol dm™) was prepared by
transferring 7.16 cm® of 98 % HSCH,CH,OH solution (Merck, 78.13 g mol™, density 1.114
g cm™) into a 100 cm® volumetric flask and made up to the mark with distilled water.
3.1.10 Preparation of stock potassium thiocyanate solution

Stock solution of potassium thiocyanate, KSCN, (1.0 mol dm™) was prepared by
dissolving 9.718 g of KSCN (BDH, 97.181 g mol™) in a 100 cm® volumetric flask with
distilled water and standardised gravimetrically.
3.1.11 Preparation of stock thiosemicarbazide solution

Stock solution of thiosemicarbazide, H,NNHCSNH, (1.0 mol dm™) was prepared
by dissolving 9.114 g of H,NNHCSNH, (Kem Light, 91.14 g mol™) in a 100 cm®

volumetric flask and made up to the mark with mixed solution (DMSO:H,0; 1:4 v/v).
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3.1.12 Preparation of stock thiodiglycol solution

Stock solution of thiodiglycol, S(CH,CH,OH),, (2.0 mol dm™) was prepared by
transferring 21.35 cm® of 97 % S(CH,CH,0H), solution (BDH, 122.19 g mol™, density
1.18 g cm™) into a 100 cm® volumetric flask and made up to the mark with distilled water.
3.1.13 Preparation of stock sodium dodecyl sulphate solution

Stock solution of sodium dodecyl sulphate (SDS) (0.1 mol dm™) was prepared by
dissolving 1.44 g of SDS (BDH, 288.38 g mol™) in a 50 cm® volumetric flask with distilled
water.
3.1.14 Preparation of stock cetyltrimethylammonium bromide solution

Stock solution of cetyltrimethylammonium bromide (CTAB) (0.1 mol dm™) was
prepared by dissolving 1.82 g of CTAB (PureChem, 364.46 g mol™) in a 50 cm® volumetric
flask with distilled water.
3.1.15 Preparation of stock sodium chloride solution

Stock solution of sodium chloride, NaCl, (1.5 mol dm™) was prepared by dissolving
21.92 g NaCl (JHD, 58.44 g mol™) in a 250 cm® volumetric flask with distilled water and
standardized gravimetrically.
3.1.16 Preparation of stock sodium carbonate solution

Stock solution of sodium carbonate, Na;COs, (0.2 mol dm™) was prepared by
dissolving 2.12 g Na,COs3 (BDH, 105.99 g mol™) in a 100 cm® volumetric flask and made
up to the mark with distilled water.
3.1.17 Preparation of hydrochloric acid stock solution

Stock solution of hydrochloric acid, HCI, (0.2 mol dm™) was prepared by

transferring 4.24 cm® of 36.5 % HCI solution (BDH, 36.46 g mol™, density 1.18 g cm™)
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into a 250 cm® volumetric flask, made up to the mark with distilled water and was
standardized volumetrically using Na,CO3 and methyl orange as indicator (Vogel, 2000).
3.1.18 Preparation of stock salt solutions

Stock solutions (0.5 mol dm™) of sodium nitrate, NaNOs, (BDH, 84.99 g mol™),
sodium sulphate, Na,SO., (Kermel, 142.04 g mol™), potassium chloride, KCI, (BDH, 74.55
g mol™), sodium acetate, CH;COONa, (BDH, 82.03 g mol™), sodium formate, HCOONa,
(Hopkin and Williams, 68.01 g mol™), calcium chloride, CaCl,, (BDH, 110.99 g mol™) and
magnesium chloride, MgCl,.6H,0, (BDH, 203.30 g mol™) were prepared by dissolving
4.25¢9,7.10¢,3.73 g,4.10 g, 3.40 g, 5.55 g and 10.17 g respectively of each salt in a 100
cm® volumetric flask with distilled water and standardized gravimetrically.

3.2  Methods
3.2.1 Synthesis of Fe(111) and Mn(l11) — salphen complexes

The ligand, bis(salicylidene)phenylenediamine, and the Fe(Ill) and Mn(lll)
complexes, [Fe(salphen)]ClI and [Mn(salphen)](CH3COQO), were synthesized and
characterized according to the literature (Ansari et al., 2009a; Ansari et al., 2009b; Ansari
et al., 2011). The ligand was prepared by refluxing o-phenylenediamine (BDH, 1.71 g, 15.8
mmol) with salicylaldehyde (Merck, 3.3 cm®, 31.6 mmol) in methanol (Merck, 30 cm?®) for
1 hour. The precipitate was cooled and filtered after which it was washed with methanol
and then dried in a desiccator. The reaction step is shown as Scheme 3.1.

The complex, [Fe(salphen)]Cl, was prepared by stirring a mixture of the Schiff base
(0.78g, 2.5 mmol) with anhydrous iron(lll) chloride (SureChem, 0.4 g, 2.5 mmol) in
methanol (20 cm®) at 60 °C for 30 minutes. The mixture was then kept at room temperature
overnight to precipitate out the complex. The product was recrystallized from methanol and

dried in a desiccator (Ansari et al., 2011). The reaction step is shown as Scheme 3.2.
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Mn(CH3COO); was prepared by stirring a mixture of manganese(ll) acetate

tetrahydrate (Loba Chemie, 7.35 g, 30 mmol) and lead(1V) oxide (BDH, 2.39 g, 10 mmol)

in acetic acid (Riedel-deHaen, 75 cm®) at 50-60 °C until the black lead(IV) oxide dissolved.

The resulting dark brown solution was kept overnight. Dark red coloured crystals which

formed were filtered off by suction and recrystallized from acetic acid and dried in a

desiccator (Gunduz et al., 1994).

N
+

Scheme 3.1:

: :N OH
N| OH

Scheme 3.2:
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Reaction of N,N'—bis(salicylideﬁe)phenylenediamin_e to give N,N’
phenylenebis(salicylideneiminato)iron(l11), [Fe(salphen)]Cl

[Mn(salphen)](CH3COO), was prepared by stirring a mixture of the

Schiff base (2.04g, 6.5 mmol) with Mn(CH3COO); (1.73 g, 6.5 mmol) in methanol (40 ml)

at 60 °C for 30 minutes, then keeping the mixture at room temperature overnight to
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precipitate out the complex. The product was recrystallized from methanol and dried in a
desiccator (Ansari et al., 2009b).

The ligand and the complexes were characterized by UV-Visible and FTIR
analyses. The molar conductivities of [Fe(salphen)]Cl and [Mn(salphen)](CH3;COO) were
determined in 2.0 x 10 mol dm=and 1.0 x 10 mol dm™ (DMSO:H,0; 1:4 v/v) solutions
respectively.

Stock solutions of [Fe(salphen)]* (4.83 x 10 mol dm™) and [Mn(salphen)]" (4.85
x 10 mol dm™) were prepared by accurately weighing and transferring 0.0196 g and
0.0225 g of the complexes respectively into a 10 cm® volumetric flask and dissolved with 2
cm® of DMSO. The solutions were made up to the mark with distilled water.

3.2.2 Stoichiometry

The stoichiometry of each of the reactions were determined by spectrophotometric
titration using the mole ratio method (Onu et al., 2016). The concentrations of
[Fe(salphen)]” and [Mn(salphen)]* complex were kept constant while that of the reductants
were varied at different mole ratios as follows:

i.  For [Fe(salphen)]* - TSH reaction; [Fe(salphen)*] = 2.0 x 10 mol dm™, [TSH] =

(0.25 — 3.5) x 10* mol dm™, p= 0.2 C*mol dm® D =76.88, T =26 + 1°C and

Amax = 435 nm

ii. For [Fe(salphen)]" - H,C,O, reaction; [Fe(salphen)] = 2.0 x 10 mol dm?,

[H,C204] = (0.25 — 3.5) x 10* mol dm™, p = 0.2 C* mol dm™, D = 76.06, T = 26 +

1°C and Amay = 435 nm
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Vi.

Vil.

viii.

For [Fe(salphen)]" - H3PO, reaction; [Fe(salphen)*] = 2.0 x 10" mol dm™, [H3PO5]
=(0.25-3.5) x 10" mol dm™, p= 0.2 C* mol dm™, D = 76.68, T =26 + 1'C and
Amax = 435 nm

For [Fe(salphen)]* - H,0, reaction; [Fe(salphen)*] = 1.0 x 10 mol dm™, [H,0,] =
(0.25 —3.5) x 10 mol dm™, = 0.6 C* mol dm™, [H"] = 2.0 x 10° mol dm™, D =
78.12, T =28 + 1°C and Amax = 435 nm

For [Mn(salphen)]* - H,0, reaction; [Mn(salphen)'] = 1.0 x 10 mol dm?, [H,0,]
= (0.25-3.5) x 10* mol dm™®, u = 0.2 C* mol dm?, [H*] = 2.0 x 10" mol dm™, D
=76.82, T=30 + 1°C and Amax = 450 nm

For [Mn(salphen)]" - TSH reaction; [Mn(salphen)*] = 1.0 x 10 mol dm™, [TSH] =
(0.25 — 3.5) x 10* mol dm™, u = 0.6 C> mol dm™® D =77.98, T=32+1C and
Amax = 450 nm

For [Mn(salphen)]* - RSH reaction; [Mn(salphen)*] = 1.0 x 10™ mol dm™, [RSH] =
(0.25 - 3.5) x 10" mol dm™, p = 0.6 C>* mol dm™, [H'] = 4.0 x 10° mol dm™®, D
=78.19, T =28 + 1°C and Amax = 450 nm

For [Mn(salphen)]" - SCN" reaction; [Mn(salphen)*] = 1.0 x 10 mol dm™, [SCN']
=(0.25—3.5) x 10* mol dm™, u = 0.6 C> mol dm?, [H*] = 4.0 x 10° mol dm™, D
=78.12, T =28 + 1°C and Amax = 450 nm

For [Mn(salphen)]* - H,NNHCSNH, reaction; [Mn(salphen)*] = 1.0 x 10* mol
dm™, [H.NNHCSNH,] = (0.25 — 3.5) x 10 mol dm™, u = 0.6 C*> mol dm?, [H'] =

2.0 x 10° mol dm?3, D =75.10, T =28 + 1°C and Amax = 450 nm
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x.  For [Mn(salphen)]” - S(CH,CH,OH), reaction; [Mn(salphen)’] = 1.0 x 10™* mol
dm—g, [S(CHzCHZOH)Z] = (0.25 - 3.5) X 10-4 mol dm'3, M= 0.6 CZ mol dm'3’ [H+] —

2.0 x 10° mol dm™, D =66.60, T =50 + 1°C and Amax = 450 nm

The reactions were allowed to go to completion and the absorbance were recorded
at 435 nm and 450 nm for reactions of [Fe(salphen)]” and [Mn(salphen)]” respectively. The
stoichiometries of the reactions were determined from the points of inflexion on the graphs

of plots of absorbances against mole ratios (Idris et al., 2015).

3.2.3 Products analysis
At the completion of the reactions, the reaction mixtures were analyzed for organic

and inorganic products formed in each system as follows:

(a) For reactions of [Fe(salphen)]’, a KMnO, solution was added to the final reaction
product of [Fe(salphen)]” and reductants to confirm the presence of Fe?*, the
reduction product of Fe** (Mifsud, 2009).

(b) The presence of CO,, the oxidation product of H,C,04, was confirmed using lime
water (Ca(OH),) (Svehla and Sivasankar, 2012).

(c) The product of oxidation of hypophosphorous acid was determined by the addition
of saturated sodium molybdate solution to the reaction product (Yusuf et al., 2004;
Mohammed et al., 2017).

(d) For reactions of [Mn(salphen)]*, 1 drop of test sample was diluted with 0.5 cm®
concentrated H,SO, after which 0.2 g of KIO, was added and the solution was
gently warmed to confirm the presence of Mn?*, the reduction product of Mn**

(Nazarenko, 2004).
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(e) For SCN reaction, SO,* ion, was detected by addition of BaCl, solution to the
reaction product followed by excess dilute HCI while CN" ion was detected by
addition of S,05> solution to the reaction product followed by FeCl; (Svehla and
Sivasankar, 2012).

(f) For H,NNHCSNH, reaction, SO,% ion, was detected by addition of BaCl, solution
to the reaction product followed by excess dilute HCl. CN™ ion was detected by
addition of S,05* followed by FeCls. Also, NH4" ion was detected by adding 1 cm®
of 0.1 mol dm™ NaOH solution to the reaction product in a tube and a moistened red
litmus paper was placed at the tip of the tube which was then gently heated (Svehla
and Sivasankar, 2012).

(g) For TSH, RSH and S(CH,CH,0OH), reactions, the reaction products were extracted
six times with diethyl ether. The combined ether extracts were dried with anhydrous

Na,SO,4 and allowed to dry. FTIR analyses were carried out on the products.

3.2.4 Determination of reactions order

The rates of the reactions were studied by monitoring the decrease in absorbance of the
reaction mixture at its Amax Using Corning Colourimeter 253. All kinetic measurements were
carried out under pseudo-first order conditions with respective reductant concentrations in
at least 10-fold excess of the oxidant concentration. lonic strength as well as [H'] were
maintained constant for each system unless otherwise stated. The pseudo — first order plots
of log (A; — A,) against time were made (where A; and A, are absorbances at time, t and
infinity respectively). The slopes from the plots gave the pseudo — first order rate constants,
ki;. The second order rate constants, ko, were determined as ki/[reductant] (Myek et al.,

2017).

38



3.2.5 Determination of effect of acid on the reactions rate

The effect of varying hydrogen ion concentration on the reaction rates was
investigated by keeping the concentrations of the oxidant, reductants and ionic strength
constant while that of the hydrogen ion was varied. Order of the reaction with respect to
acid concentration was obtained as the slope of the plot of log k; against log [H']. Variation

of acid dependent second order rate constants, k, with [H'] were obtained by plotting ks

1

against [H"] or T

respectively (Idris et al., 2015).

3.2.6 Determination of effect of ionic strength and dielectric constant

The ionic strength of the reaction mixture were varied while maintaining the
concentrations of the oxidant, reductant and hydrogen ion constant (Hamza et al., 2012).
The effect of dielectric constant (D) on the reaction rate was investigated by carrying out
the reactions in medium of varying dielectric constants. The medium dielectric constants
were varied using a binary solvent mixture of water and DMSO while keeping all other
conditions constant (Liou and Wang, 2000).
3.2.7 Determination of effect of added of ions

The effect of added ions on the reaction rate were investigated by the addition of
(1.0 — 30.0) x 10° mol dm™ solutions of ions (Ca?*, Mg®*, K*, CH;COO", HCOO", NO3~
or SO4%) while maintaining the oxidant, reductant and hydrogen ion concentrations and
ionic strength constant (Mohammed et al., 2016).
3.2.8 Determination of effect of temperature on the reactions rate

The influence of temperature on the reaction rates both in the presence and absence
of surfactant were studied in the range 298 — 317 K using a thermostated water bath. The

reactant solutions were equilibrated at the temperature of the water bath, mixed and quickly
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transferred into the colourimeter to measure the change in absorbance with time. The

temperature dependence data were analyzed using Eyring’s plot of In (%) Versus (%)

(Espenson, 1981) as indicated in equation 3.1. The Gibb’s free energy and activation

energy for the reactions were calculated using equations 3.2 and 3.3 respectively (Ogunlusi

etal., 2016).

k) kg AS'  AHY (1
n(7)=m) + T -T6) 31
AG' = AH' —TAS' 3.2
Ea=AH + RT 3.3

where k, = second order rate constant, T = Kelvin temperature, kg = Boltzmann’s constant,
h = Planck’s constant, AS' entropy of activation, AH' = enthalpy of activation, A = pre-
exponential factor (constant), E, = Activation energy, AG' = Gibb’s energy of activation
and R = Molar Gas constant.
3.2.9 Test for intermediate complex

The spectra of the reaction mixtures were obtained after the commencement of the
reaction. These were compared with the spectra of the iron(lll) and manganese(lll)
complexes over a wavelength range of 400 — 700 nm. Michaelis-Menten plots of 1/k;
versus 1/[reductant] were carried out (Onu et al., 2015).
3.2.10 Test for free radicals

Test for free radicals were investigated by addition of acrylamide to partially
reacting mixtures followed by excess methanol (Abdulsalam et al., 2016).
3.2.11 Determination of critical micelle concentration

The critical micelle concentration (CMC) of the surfactants were determined by

measuring the specific conductivities of various concentrations of the surfactant solutions.
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The conductivity meter was calibrated using 0.01 mol dm™ KClI solution. The breakpoint in
the conductivity-concentration profile was taken as the CMC (Olanrewaju et al., 2011).
3.2.12 Determination of effect of surfactant concentrations on the reactions rate

The redox reactions were investigated in separate surfactant solutions of SDS and
CTAB at varying concentrations while maintaining the concentrations of the oxidant,
reductant, hydrogen ion and ionic strength constant. The pseudo — first order plots of log
(A¢ — A.) against time were made and from the slopes of the plots, the pseudo — first order
rate constants, k; were obtained. The second order rate constants, k,, were determined as
ka/[reductant]. From the results, the catalytic factor (k,/kw), were determined as the ratio of
the second order rate constant in the presence of surfactant (k,) to the second order rate
constant in the absence of surfactant (kw), whereas the inhibition factor (kw/k,), were
determined as the ratio of the second order rate constant in the absence of surfactant (k) to
the second order rate constant in the presence of surfactant (k,) (where ky = ko = second

order rate constant in the absence of surfactant) (Ogunlusi et al., 2016).
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CHAPTER FOUR
4.0 RESULTS

4.1  Synthesis of Fe(111) and Mn(l11) — salphen complexes

The yield of the ligand, [Fe(salphen)]Cl, Mn(CH3COO); and
[Mn(salphen)](CH3COO) obtained were 4.29 g (86%), 0.47 g (47%), 3.62 g (68%) and
2.11 g (70%) respectively. From the FTIR (ATR, cm™) spectra of the Ligand, peaks were
observed at 3050, 2591, 1608, 1558, 1470, 1447, 1399, 1360, 1274, 1189, 1149, 1101, 908,
752, 639, 580 and 499 cm™ (Appendix I) while peaks were observed at 1602, 1577, 1533,
1461, 1439, 1378, 1312, 1195, 1146, 1126, 922, 871, 811, 749, 613, 536, 508 and 475 cm™
from the spectra of [Fe(salphen)]” (Appendix II). Similary, from the spectra of
[Mn(salphen)]”, peaks were observed at 1604, 1575, 1531, 1460, 1431, 1405, 1375, 1313,
1190, 1144, 1127, 1026, 926, 873, 809, 771, 751, 628, 608, 539, 505, 446 cm™ (Appendix

11).

The molar conductivity of [Fe(salphen)]* was found to be 145 S cm? mol™ with
specific conductance of 29.0 x 10° S cm™ while that of [Mn(salphen)]" was 112 S cm?

mol™ with specific conductance of 11.20 x 10° S cm™.
4.2  Stoichiometric Studies

Stoichiometric studies showed that one mole of [Fe(salphen)]” was consumed by
one mole of TSH whereas two moles of [Fe(salphen)]” were consumed by one mole each of
H3;PO, and H,0, but by three moles of H,C,0,4. The results also showed that one mole of

[Mn(salphen)]” was consumed by one mole of each of TSH, RSH and SCN™ whereas two
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moles of [Mn(salphen)]” were consumed by one mole each of H,0,, H,NNHCSNH, and
S(CH,CH,0H),. The titration curves used to determine the reaction stoichiometries are
presented in Figures 4.1 — 4.10. The overall equations for the redox reactions can therefore
be represented by equations 4.1 — 4.10.

2[Fe(salphen)]” + 2[TSH] —— 2[Fe(salphen)] + TSST + 2H" 4.1
2[Fe(salphen)]” + 3H,C,0, + O,— 2[Fe(salphen)] + 6CO, + 2H,0 + 2H" 4.2

2[Fe(salphen)]” + HsPO, + H,O — 2[Fe(salphen)] + H3PO3 + 2H" 4.3

2[Fe(salphen)]” + H,0, — 2[Fe(salphen)] + O, + 2H" 4.4
2[Mn(salphen)]” + H,0, — 2[Mn(salphen)] + O, + 2H" 45
2[Mn(salphen)]” + 2[TSH] —  2[Mn(salphen)] + TSST + 2H" 4.6
2[Mn(salphen)]” + 2[RSH] —  2[Mn(salphen)] + RSSR + 2H" 47
2[Mn(salphen)]” + 2[SCNT——>  2[Mn(salphen)] + (SCN), 4.8

Thiocyanogen, (SCN),, undergoes further hydrolysis according to equation 4.9 to

give the final products.
4H,0 + 3(SCN), — 7H" + 5SCN + HCN + SO, 4.9

2[Mn(salphen)]” + H,NNHCSNH, + 3H,0 + %0, —»
2[Mn(salphen)] + SO4 + CN™ + 2NH," + 3H" 4.10

2[Mn(salphen)]” + S(CH,CH,OH), + H,0 —»
2[Mn(salphen)] + O=S(CH,CH,0H), + 2H" 4.11

4.3  Products Analysis

The results of possible products are as follows:
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Figure 4.3: Plot of absorbance versus mole ratio for the redox reaction of
[Fe(salphen)]” and HsPO, at [Fe(salphen)] = 2.0 x 10™* mol dm?3 p =
0.2 C*mol dm™® D =76.68, T =26 + 1'C and hmax = 435 nm
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Figure 4.4: Plot of absorbance versus mole ratio for the redox reaction of
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Figure 4.10: Plot of absorbance versus mole ratio for the redox reaction of
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a)

b)

d)

f)

A brown precipitate of Fe,O3; was observed, indicating that the formation of Fe,;O3
was as a result of KMnO, oxidation of the Fe®* complex formed during the
reduction of [Fe(salphen)]” (Mifsud, 2009).

The presence of CO, was confirmed using lime water, Ca(OH),, which turned
milky (Svehla and Sivasankar, 2012).

No precipitate of sodium phosphomolybdate was observed when a solution of
sodium molybdate was added to the product of HsPO, - [Fe(salphen)]” reaction,
indicating that H3PO,4 was not produced (as a reaction product). Hence, the presence
of H3PO3; was inferred as the product of HzPO, oxidation (Yusuf et al., 2004;
Mohammed et al., 2017).

The appearance of characteristic purple colour of MnQO, after the reaction solution
was acidified with H,SO, and KIO, was added shows the presence of Mn?*
(Nazarenko, 2004).

In SCN™ - [Mn(salphen)]” reaction, the formation of a white precipitate of BaSOs,
insoluble in excess dilute HCI was observed, when BaCl, solution was added to the
reaction product. The precipitate was an indication of the presence of SO, ion. The
formation of a blood red complex of Fe(SCN); when S,05° solution was added to
the reaction product followed by FeCls indicated the presence of CN™ ion (Svehla
and Sivasankar, 2012).

In H,NNHCSNH, - [Mn(salphen)]” reaction, the formation of a white precipitate of
BaSO,, insoluble in excess dilute HCI was observed, when BaCl, solution was
added to the reaction product indicated the presence of SO,* ion. The formation of
a blood red complex of Fe(SCN); when S,03* solution was added to the reaction

product followed by FeCl; indicated the presence of CN™ ion (Svehla and
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Sivasankar, 2012) and the change in colour of moist red litmus paper to blue from
ammonia fumes when NaOH solution was added to reaction product confirmed the
presence of NH3 from NH," ion (Svehla and Sivasankar, 2012).
g) In the reaction of [Fe(salphen)]” with TSH, HSCH,COOH, bands can be observed
from the FTIR spectra at 2916 cm™, 1679 cm™, 1257 cm™ and 562 cm™ while in the
reaction of [Mn(salphen)]" with TSH, bands were observed at 2917 cm™, 1681 cm™,
1258 cm™ and 562 cm™ (Appendix IV and V). Also, in the reaction of
[Mn(salphen)]* with RSH, HSCH,CH,OH, bands were observed at 3309 cm™, 1042
cm™ and 481 cm™ (Appendix V1) while in the reaction of [Mn(salphen)]" with
S(CH,CH,0H),, bands were observed at 3334 cm™, 1040 cm™ and 1007 cm™
(Appendix VII).
4.4 Order of the Reactions

The results of the kinetic study were obtained by plotting log(A: — A.) against time
t. Typical plots are shown in Figures 4.11 — 4.20. The order of the reactions were
determined by plotting log kj against log of [TSH], [H2C204], [H3PO] and [H20,] in their
reactions with [Fe(salphen)]™ (Figures 4.21 — 4.24) and log of [H,0,], [TSH], [RSH], [SCN
], [Ho.NNHCSNH,] and [S(CH,CH,0H),] in their reactions with [Mn(salphen)]” (Figures
4.25 — 4.30). The slopes obtained were 0.98, 1.04, 1.00 and 0.92 indicating first order
dependence in [TSH], [H2C204] [H3PO>] and [H20.] in their reactions with [Fe(salphen)]”
and slopes of 0.93, 0.99, 0.97, 0.98, 0.99 and 0.97 indicating first order dependence in
[H.O2], [TSH], [RSH], [SCNT], [H2NNHCSNH] and [S(CH,CH,0H),] in their reactions
with [Mn(salphen)]".

The pseudo-first order rate constants, ky determined from the graphs are presented

in Tables 4.1 — 4.10. The values of second order rate constants k,, determined as
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ki/[reductant] in the reactions of TSH, H,C,04, HsPO, and H,0O, with [Fe(salphen)]”

respectively (Tables
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Figure 4.11: Typical pseudo-first order plot for the redox reaction of [Fe(salphen)]”
and TSH at [Fe(salphen)] = 2.0 x 10™ mol dm™, [TSH] = 0.15 mol dm®,
L= 0.2C?>moldm™ D=76.88, T =26+ 1C and Amax = 435 nm
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Figure 4.12: Typical pseudo-first order plot for the redox reaction of [Fe(salphen)]”
and H,C,0, at [Fe(salphen)’] = 2.0 x 10™ mol dm™, [H,C,04] = 6.0 x
10 mol dm™, p= 0.2 C*mol dm® D =76.06, T = 26 + 1 C and Amay =
435 nm
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Figure 4.13: Typical pseudo-first order plot for the redox reaction of [Fe(salphen)]”
and HsPO, at [Fe(salphen)*] = 2.0 x 10 mol dm™, [H3PO,] = 0.13 mol
dm?® pu= 0.2C*mol dm™® D =76.68, T =26 + 1'C and hnax = 435 Nm
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Figure 4.14: Typical pseudo-first order plot for the redox reaction of [Fe(salphen)]”*
and H,0O, at [Fe(salphen)*] = 1.0 x 10 mol dm™, [H,0,] = 0.42 mol
dm?® pu= 0.6 C*mol dm™, [H"]=2.0 x 10° mol dm® D =78.12, T = 28
+ 1°C and hmax = 435 NM
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Figure 4.15: Typical pseudo-first order plot for the redox reaction of [Mn(salphen)]”
and H,0, at [Mn(salphen)'] = 1.0 x 10 mol dm™, [H,0,] = 0.15 mol
dm?® u=0.2C*mol dm? [H*]=2.0 x 10° mol dm™ D =76.82, T=30+
1°C and Amax = 450 nm
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Figure 4.16: Typical pseudo-first order plot for the redox reaction of [Mn(salphen)]”
and TSH at [Mn(salphen)*] = 1.0 x 10 mol dm™, [TSH] = 0.42 mol
dm?® pu= 0.6 C*mol dm® D =77.98, T =32+ 1'C and hnax = 450 nm
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Figure 4.17:
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and RSH at [Mn(salphen)*] = 1.0 x 10 mol dm™, [RSH] = 0.4 mol dm,
= 0.6 C*mol dm? [H']=4.0 x 10° mol dm™> D=7819, T=28+1C
and Amax = 450 nm

62



time, s

0 500 1000 1500 2000
0 1 1 1 J
0.2 -
0.4 -
y = -0.00028x - 0.4725
-
3 R?=0.9922
<
|
< 06 1
[@)]
i)
0.8 -
-1 .
1.2 -

Figure 4.18: Typical pseudo-first order plot for the redox reaction of [Mn(salphen)]”
and SCN™ at [Mn(salphen)'] = 1.0 x 10 mol dm™, [SCN] = 0.42 mol
dm?3, p= 0.6 C> mol dm™, [H*] = 4.0 x 10° mol dm™, D =78.12, T = 28
+ 1°C and hmax = 450 nm
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Figure 4.19: Typical pseudo-first order plot for the redox reaction of [Mn(salphen)]”
and H;NNHCSNH, at [Mn(salphen)] = 1.0 x 10* mol dm?®
[H2NNHCSNH,] = 0.28 mol dm™®, p = 0.6 C> mol dm™, [H*] = 2.0 x 107
mol dm™, D = 75.10, T = 28 + 1'C and Amax = 450 nm
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Figure 4.20: Typical pseudo-first order plot for the redox reaction of [Mn(salphen)]”
and S(CH,CH,OH), at [Mn(salphen)’] = 1.0 x 10* mol dm?,
[S(CH,CH,0H),] = 0.40 mol dm™, p = 0.6 C*> mol dm?, [H*] = 2.0 x 10°
mol dm™, D = 66.60, T =50 + 1°C and Amay = 450 nm
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Figure 4.21: Plot of log k; versus log [TSH] for the redox reaction of [Fe(salphen)]”
and TSH at [Fe(salphen)*] = 2.0 x 10* mol dm™, u = 0.2 C* mol dm™, D
=76.88, T =26 = 1'C and Amax = 435 nm

66



-2.45

-2.35

log [H.C,0,]

Figure 4.22: Plot of log k; versus log [H.C,O4] for the redox reaction of

-2.3 -2.25 -2.2 -2.15 -2.1 -2.05 -2
1 1 1 1 1 1 1 _19
-2
y = 1.0404x - 0.0492
R?=0.998
Fo-2.1
. i
X~
F-22 ©D
K=
- -2.3
()
F-2.4
F -2.5

- -2.6

[Fe(salphen)]* and H,C,0, at [Fe(salphen)'] = 2.0 x 10 mol dm™, p =

0.2C?moldm® D =76.06, T=26+1C and hmax = 435 nm
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Figure 4.23: Plot of log k; versus log [HsPO,] for the redox reaction of [Fe(salphen)]”
and HsPO; at [Fe(salphen)] = 2.0 x 10* mol dm™, p = 0.2 C* mol dm,

D=76.68, T=26+1C and Ana = 435 NM

68



log [H20:]

-0.46 -0.44 -0.42 -0.4 -0.38 -0.36 -0.34 -0.32 -0.3
L 1 1 1 1 1 1 1 _3.58

y =0.9147x - 3.3263 - -3.62

R?=0.9954

F -3.64

- -3.66

log ky

- -3.68

F-3.72

- -3.74

+

Figure 4.24: Plot of log k; versus log [H20;] for the redox reaction of [Fe(salphen)]
and H.,0O, at [Fe(salphen)*] = 1.0 x 10* mol dm™, p = 0.6 C* mol dm™,
[H]=2.0 x 10° mol dm™ D =78.12, T =28+ 1'C and Amax = 435 nm
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Figure 4.25: Plot of log ki versus log [H20,] for the redox reaction of [Mn(salphen)]”*
and H,0, at [Mn(salphen)] = 1.0 x 10 mol dm™, u = 0.2 C* mol dm™,
[H"]=2.0 x 10° mol dm™, D =76.82, T =30 + 1°C and Amax = 450 nm
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Figure 4.26: Plot of log k; versus log [TSH] for the redox reaction of [Mn(salphen)]”
and TSH at [Mn(salphen)*] = 1.0 x 10* mol dm™®, p = 0.6 C*> mol dm™,
D =77.98, T =322 1°C and Amax = 450 nm
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Figure 4.27: Plot of log k; versus log [RSH] for the redox reaction of [Mn(salphen)]”
and RSH at [Mn(salphen)*] = 1.0 x 10 mol dm™, p = 0.6 C? mol dm™,
D =78.19, T =28 + 1°C and Amay = 450 nm
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Figure 4.28: Plot of log k; versus log [SCN] for the redox reaction of [Mn(salphen)]*
and SCN™ at [Mn(salphen)*] = 1.0 x 10 mol dm™, p = 0.6 C? mol dm™,
[H]=4.0 x 10° mol dm™, D =78.12, T =28 + 1'C and Amax = 450 nm
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log kg

- -3.05

- -3.25

Figure 4.29: Plot of log k; versus log [H.NNHCSNH,] for the redox reaction of
[Mn(salphen)]* and H,NNHCSNH, at [Mn(salphen)] = 1.0 x 10™ mol
dm?® pu= 0.6 C*mol dm?, [H"]=2.0 x 10° mol dm™® D = 75.10, T = 28
+ 1°C and hmax = 450 nm
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log [S(CH,CH,0H),]

-0.6 -0.55 -0.5 -0.45 -0.4 -0.35 -0.3 -0.25 -0.2
L 1 1 1 1 1 1 1 _2.55

y =0.9694x - 2.3917
RZ = 09942 _265

log ki

- -2.75

F -2.85

F -2.95

Figure 4.30: Plot of log k; versus log [S(CH,CH,OH),] for the redox reaction of
[Mn(salphen)]* and [S(CHCH,OH);] at [Mn(salphen)] = 1.0 x 10™
mol dm™, u= 0.6 C* mol dm?, [H*] = 2.0 x 10° mol dm™ T=50+1'C
and Amnax = 450 nm
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Table 4.1: Pseudo-first order and second order rate constants for the reaction
of [Fe(salphen)]" and TSH at [Fe(salphen)"] = 2.0 x 10 mol dm™, D =

76.88, T =26+ 1C and Amay = 435 nm

[TSH], mol dm u, C> mol dm? 10° ky, st 107 kp, dm® mol ™ s
0.12 0.20 1.75 1.46
0.13 0.20 1.82 1.40
0.14 0.20 1.98 141
0.15 0.20 2.14 1.43
0.16 0.20 2.24 1.40
0.17 0.20 2.40 141
0.18 0.20 2.60 1.44
0.15 0.18 2.16 1.44
0.15 0.20 2.12 141
0.15 0.25 2.17 1.45
0.15 0.30 2.14 1.43
0.15 0.40 2.10 1.40
0.15 0.50 2.16 1.44
0.15 0.60 2.14 1.43
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Table 4.2: Pseudo-first order and second order rate constants for the reaction of
[Fe(salphen)]* and H,C,O, at [Fe(salphen)] = 2.0 x 10 mol dm™ D =
76.06, T =26 =1 C and Amax = 435 nm

10° [ledczgg)41, u, C* mol dm™ 10° ky, s 10 ko, dm® mol™ s
ma.oén 0.20 2.86 7.15
5.00 0.20 3.64 7.28
6.00 0.20 4.26 7.10
7.00 0.20 5.07 7.24
8.00 0.20 5.96 7.45
9.00 0.20 6.79 7.54
11.00 0.20 8.06 7.33
6.00 0.18 4.28 7.13
6.00 0.20 4.26 7.10
6.00 0.24 4.29 7.15
6.00 0.28 4.27 7.12
6.00 0.32 4.30 7.17
6.00 0.36 4.29 7.15
6.00 0.40 4.26 7.10
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Table 4.3: Pseudo-first order and second order rate constants for the reaction of
[Fe(salphen)]” and H3sPO, at [Fe(salphen)] = 2.0 x 10 mol dm™, D =
76.68, T =26 +1 C and Amax = 435 nm

[H3PO,], mol dm’ H, C* mol dm 10° ky, st 107 ky, dm® mol ™ s
0.10 0.20 2.28 2.28
0.11 0.20 2.51 2.28
0.12 0.20 2.77 2.30
0.13 0.20 2.88 2.22
0.14 0.20 3.20 2.29
0.15 0.20 3.41 2.27
0.16 0.20 3.69 2.30
0.13 0.18 2.90 2.23
0.13 0.20 2.88 2.22
0.13 0.24 2.92 2.25
0.13 0.28 2.90 2.23
0.13 0.32 2.83 2.18
0.13 0.36 2.95 2.27
0.13 0.40 2.86 2.20
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Table 4.4: Pseudo-first order and second order rate constants for the reaction of
[Fe(salphen)]* and H,O. at [Fe(salphen)*] = 1.0 x 10 mol dm™, [H*] =
2.0 x 10° mol dm™,D=78.12, T =28 + 1'C and hmax = 435 Nm

[H202], L, 10° [H'], 10% ky, s 10° ke,
mol dm’® C’moldm®  moldm? dm® mol™ s
0.10 0.20 2.00 1.28 1.28
0.12 0.20 2.00 154 1.28
0.14 0.20 2.00 1.78 1.27
0.15 0.20 2.00 1.86 1.24
0.16 0.20 2.00 2.00 1.25
0.17 0.20 2.00 2.11 1.24
0.18 0.20 2.00 2.22 1.23
0.15 0.20 2.00 1.87 1.25
0.15 0.25 2.00 1.52 1.01
0.15 0.27 2.00 1.34 0.89
0.15 0.30 2.00 1.27 0.85
0.15 0.35 2.00 1.08 0.72
0.15 0.40 2.00 0.99 0.66
0.15 0.45 2.00 0.92 0.61
0.15 0.20 2.00 1.86 1.24
0.15 0.20 3.00 1.24 0.83
0.15 0.20 4.00 1.08 0.72
0.15 0.20 5.00 0.92 0.61
0.15 0.20 6.00 0.83 0.55
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Table 4.5: Pseudo-first order and second order rate constants for the reaction of
[Mn(salphen)]* and H,0, at [Mn(salphen)*] = 1.0 x 10* mol dm?®, D =
76.82, T=30%1 C and Anax = 450 nm

[H,0], 10 W, 10° [H, 10* ky, s* 10 ko,
mol dm’® C?mol dm’® mol dm’ dm® mol™ s*
0.36 0.60 2.00 1.85 5.14
0.38 0.60 2.00 1.93 5.08
0.40 0.60 2.00 2.06 5.15
0.42 0.60 2.00 2.14 5.10
0.44 0.60 2.00 2.24 5.09
0.46 0.60 2.00 2.31 5.02
0.48 0.60 2.00 2.40 5.00
0.42 0.50 2.00 2.52 6.00
0.42 0.60 2.00 2.15 5.12
0.42 0.70 2.00 1.96 4.67
0.42 0.80 2.00 1.73 4.12
0.42 0.90 2.00 1.57 3.74
0.42 1.00 2.00 1.32 3.14
0.42 0.60 2.00 2.15 5.12
0.42 0.60 4.00 1.36 3.24
0.42 0.60 6.00 1.04 2.48
0.42 0.60 8.00 0.78 1.86
0.42 0.60 10.00 0.62 1.48
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Table 4.6: Pseudo-first order and second order rate constants for the reaction of
[Mn(salphen)]* and TSH at [Mn(salphen)] = 1.0 x 10 mol dm™, D =
77.98, T=32+1 C and Anax = 450 nm

[TSH], mol dm i, C* mol dm 10* ky, s* 10° kp, dm® mol™ s
0.36 0.60 5.92 1.64
0.38 0.60 6.13 1.61
0.40 0.60 6.38 1.60
0.42 0.60 6.79 1.62
0.44 0.60 7.12 1.62
0.46 0.60 7.46 1.62
0.48 0.60 7.80 1.63
0.42 0.50 6.75 1.61
0.42 0.60 6.79 1.62
0.42 0.70 6.73 1.60
0.42 0.80 6.86 1.63
0.42 0.90 6.72 1.60
0.42 1.00 6.77 1.61
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Table 4.7: Pseudo-first order and second order rate constants for the reaction of
[Mn(salphen)]” and RSH at [Mn(salphen)] = 1.0 x 10 mol dm?, D =
78.19, T =28 =1 C and Anax = 450 nm

[RSH], H, 10° [H, 10° ky, st 107 ko,
mol dm’ C? mol dm’® mol dm’ dm® mol™ s*
0.30 0.60 4.00 4.01 1.34
0.34 0.60 4.00 4.34 1.28
0.36 0.60 4.00 4.62 1.28
0.40 0.60 4.00 5.07 1.27
0.42 0.60 4.00 5.25 1.25
0.44 0.60 4.00 5.82 1.32
0.46 0.60 4.00 6.04 1.31
0.40 0.50 4.00 4.40 1.10
0.40 0.60 4.00 5.02 1.26
0.40 0.70 4.00 5.55 1.39
0.40 0.80 4.00 6.52 1.63
0.40 0.90 4.00 7.39 1.85
0.40 1.00 4.00 8.01 2.00
0.40 0.60 1.00 1.20 0.30
0.40 0.60 2.00 3.00 0.75
0.40 0.60 3.00 3.64 0.91
0.40 0.60 4.00 5.08 1.27
0.40 0.60 6.00 6.40 1.60
0.40 0.60 8.00 7.76 1.94
0.40 0.60 10.00 10.23 2.56
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Table 4.8: Pseudo-first order and second order rate constants for the reaction of
[Mn(salphen)]* and SCN™ at [Mn(salphen)*] = 1.0 x 10 mol dm?®, D =
78.12, T =28 +1 C and Anax = 450 nm

[SCNT, H, 10° [HT], 10% ky, s 10° ko,
mol dm™ C* mol dm™® mol dm™ dm® mol*s™
0.36 0.60 4.00 5.55 1.54
0.38 0.60 4.00 5.83 1.53
0.40 0.60 4.00 6.17 1.54
0.42 0.60 4.00 6.47 1.54
0.44 0.60 4.00 6.72 1.53
0.46 0.60 4.00 7.07 1.54
0.48 0.60 4.00 7.35 1.53
0.42 0.50 4.00 6.52 1.55
0.42 0.60 4.00 6.47 1.54
0.42 0.70 4.00 5.90 1.40
0.42 0.80 4.00 541 1.29
0.42 0.90 4.00 5.00 1.19
0.42 1.00 4.00 4.30 1.02
0.42 0.60 1.00 6.42 1.53
0.42 0.60 2.00 6.40 1.52
0.42 0.60 4.00 6.45 1.54
0.42 0.60 6.00 6.47 1.54
0.42 0.60 8.00 6.53 1.55
0.42 0.60 10.0 6.47 1.54
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Table 4.9: Pseudo-first order and second order rate constants for the reaction of
[Mn(salphen)]* and H,NNHCSNH, at [Mn(salphen)*] = 1.0 x 10 mol
dm=,D=75.10, T = 28 + 1'C and Amax = 450 Nnm

[SCNT, W, 10° [H', 10% ky, s™ 10° ko,
mol dm’® C?mol dm’ mol dm” dm® mol™ s
0.36 0.60 4.00 5.55 1.54
0.38 0.60 4.00 5.83 1.53
0.40 0.60 4.00 6.17 1.54
0.42 0.60 4.00 6.47 1.54
0.44 0.60 4.00 6.72 1.53
0.46 0.60 4.00 7.07 154
0.48 0.60 4.00 7.35 1.53
0.42 0.50 4.00 6.52 1.55
0.42 0.60 4.00 6.47 154
0.42 0.70 4.00 5.90 1.40
0.42 0.80 4.00 541 1.29
0.42 0.90 4.00 5.00 1.19
0.42 1.00 4.00 4.30 1.02
0.42 0.60 1.00 6.42 1.53
0.42 0.60 2.00 6.40 1.52
0.42 0.60 4.00 6.45 154
0.42 0.60 6.00 6.47 154
0.42 0.60 8.00 6.53 1.55
0.42 0.60 10.0 6.47 154
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Table 4.10: Pseudo-first order and second order rate constants for the reaction of
[Mn(salphen)]* and S(CH,CH,OH), at [Mn(salphen)’] = 1.0 x 10™
mol dm™, D =66.60, T =50 + 1'C and Amax = 450 nm

[HoNNHCSNH,], H, 10° [H', 10% ky, st 10° ko,
mol dm’ C?mol dm’® mol dm’® dm® mol™* s
0.16 0.60 2.00 6.49 4.06
0.20 0.60 2.00 8.25 4.13
0.24 0.60 2.00 9.83 4.10
0.28 0.60 2.00 11.31 4.04
0.32 0.60 2.00 13.20 4.13
0.36 0.60 2.00 14.70 4.08
0.40 0.60 2.00 16.12 4.03
0.28 0.40 2.00 11.22 4.01
0.28 0.50 2.00 11.31 4.04
0.28 0.60 2.00 11.28 4.03
0.28 0.70 2.00 11.40 4.07
0.28 0.80 2.00 11.28 4.03
0.28 0.90 2.00 11.33 4.05
0.28 0.60 1.00 11.31 4.04
0.28 0.60 2.00 11.40 4.07
0.28 0.60 4.00 11.31 4.04
0.28 0.60 6.00 11.28 4.03
0.28 0.60 8.00 11.33 4.05
0.28 0.60 10.00 11.40 4.07
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[S(CH,CH,0H),], H, 10°[H'],  10% kg, s™ 10° ko,

mol dm’® C?mol dm’ mol dm” dm® mol™ s
0.28 0.60 2.00 11.70 4.18
0.32 0.60 2.00 13.70 4.28
0.36 0.60 2.00 15.20 4.22
0.40 0.60 2.00 16.60 4.15
0.44 0.60 2.00 17.80 4.05
0.48 0.60 2.00 19.90 4.15
0.52 0.60 2.00 21.90 4.21
0.40 0.50 2.00 18.50 4.63
0.40 0.60 2.00 16.62 4.16
0.40 0.70 2.00 14.23 3.56
0.40 0.80 2.00 10.80 2.70
0.40 0.90 2.00 8.96 2.24
0.40 1.00 2.00 7.88 1.97
0.40 0.60 1.00 18.90 4.73
0.40 0.60 2.00 16.60 4.15
0.40 0.60 4.00 14.50 3.63
0.40 0.60 6.00 13.80 3.45
0.40 0.60 8.00 13.30 3.33
0.40 0.60 10.00 12.70 3.18
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41 — 4.4) and in the reactions of H,O,, TSH, RSH, SCN’, H,NNHCSNH, and
S(CH,CH,0H), with [Mn(salphen)]” respectively (Tables 4.5 — 4.10) were fairly constant.

Based on these results, the rate equations are represented by equations 4.12 — 4.21.

—d[Fe(salphen)™]
dt

= ko[Fe(salphen)][TSH] 4.12

where k, = (1.42 +0.02) x 10% dm® mol™ s™

—3 d[Fe(salphen)*]
2 dt

= ky[Fe(salphen)][H2C204] 4.13
where k, = (7.29 +0.16) x 10™" dm* mol™* s*

—1 d[Fe(salphen)™]
2 dt

= ky[Fe(salphen)][HsPO,] 4.14
where k, = (2.28 +0.03) x 10% dm® mol™ s*

—1d[Fe(salphen)*]
2 dt

= ky[Fe(salphen)][H20.] 4.15
where k, = (5.08 + 0.06) x 10 dm* mol™ s

—1d[Mn(salphen)*]
2 dt

= ky[Mn(salphen)][H20,] 4.16
where k, = (1.26 +0.02) x 102 dm® mol™ s*

—d[Mn(salphen)*]
dt

= ko[Mn(salphen)*][TSH] 4.17

where k, = (1.62 +0.02) x 10° dm® mol™ s

—d[Mn(salphen)*]

- = ko[Mn(salphen)*][RSH] 4.18

where k, = (1.29 + 0.03) x 10% dm® mol™ s*
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—d[Mn(salphen)*]

— = ko[Mn(salphen)*][SCN] 4.19

where k, = (1.54 +0.01) x 10 dm* mol™ s™

—1 d[Mn(salphen)*]
2 dt

= ky[Mn(salphen)][H.NNHCSNH;] 4.20

where k, = (4.08 +0.04) x 10 dm* mol™ s™

“LAMnGARhenT]) — 1, vin(salphen) J[S(CH,CHZOH):] 4.21

where k, = (4.18 +0.07) x 10° dm* mol™ s™
4.5 Effect of Acid on the Reactions Rate

Acid inhibition was observed in the reaction of H,O, with [Fe(salphen)]” (Table
4.4) and in the reactions of H,O, (Table 4.5) and S(CH,CH,OH), (Table 4.10) with
[Mn(salphen)]” whereas the reaction of RSH with [Mn(salphen)]” was catalysed by [H'] as
presented in Table 4.7. The slopes obtained from the plots of log k; versus log [H*] were -
0.76 in H,0, — [Fe(salphen)]” reaction, -0.72, -0.17 and +0.87 in the reactions of H,0O»,
S(CH,CH,0H), and RSH with [Mn(salphen)]*. The reactions rate were independent of
[H] in the reactions of SCN™ (Table 4.8), H,NNHCSNH, (Table 4.9) and TSH (Table 4.11)
with [Mn(salphen)]” and in the reactions of TSH (Table 4.12), H,C,0, (Table 4.13) and

H3PO, (Table 4.14) with [Fe(salphen)]™.

Plots of k, versus ﬁ in the H,0O, — [Fe(salphen)]” reaction (Figure 4.31), H,O, —

[Mn(salphen)]” (Figure 4.32) and S(CH,CH,OH), — [Mn(salphen)]” reaction (Figure 4.33)
and plot of ko versus [H*] in the RSH — [Mn(salphen)]” reaction (Figure 4.34) were linear

with intercepts. The observed acid dependence effect can be expressed as:

88



Table 4.11:  Acid dependence effect on the rate of reaction of [Mn(salphen)]” and
TSH at [Mn(salphen)] = 1.0 x 10 mol dm™, [TSH] = 0.42 mol dm™,
= 0.6 C*mol dm™ D =77.98, T =32+ 1°C and Amax = 450 nm

10° [H*], mol dm 10% kq, s 10° ky, dm® mol™ s*
0.00 6.79 1.62
1.00 6.86 1.63
2.00 6.75 1.61
4.00 6.84 1.63
6.00 6.86 1.63
8.00 6.68 1.59
10.0 6.72 1.60
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Table 4.12:  Acid dependence effect on the rate of reaction of [Fe(salphen)]” and
TSH at [Fe(salphen)*]= 2.0 x 10 mol dm™, [TSH] = 0.15 mol dm™, u =
0.2 C*mol dm™® D =76.88, T = 26 + 1'C and Amax = 435 nm

10° [H*], mol dm 10° kq, s 107 ky, dm® mol™ s*
0.00 2.14 1.43
1.00 2.10 1.40
2.00 2.13 1.42
4.00 2.16 1.44
6.00 2.12 141
8.00 2.16 1.44
10.00 2.13 1.42
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Table 4.13:  Acid dependence effect on the rate of reaction of [Fe(salphen)]” and
H,C,0, at [Fe(salphen)’] = 2.0 x 10 mol dm?, [H,C,04] = 6.0 x 10
mol dm™, p= 0.2 C>* mol dm™, D = 76.06, T = 26 + 1'C and Amax = 435
nm

10° [H*], mol dm™ 10° ky, st 10 ky, dm® mol™* s

0.00 4.27 7.12

1.00 4.29 7.15

2.00 4.28 7.13

4.00 4.26 7.10

6.00 4.29 7.15

8.00 4.27 7.12

10.00 4.28 7.13
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Table 4.14:  Acid dependence effect on the rate of reaction of [Fe(salphen)]” and
HsPO, at [Fe(salphen)’] = 2.0 x 10™ mol dm™, [H3PO,] = 0.13 mol dm’
S U= 0.2C?>moldm™ D=76.68 T =26+1C and Amax = 435 Nm

10° [H*], mol dm 10° kq, s 107 ky, dm® mol™ s*
0.00 2.88 2.22
1.00 2.86 2.20
2.00 2.86 2.20
4.00 2.92 2.25
6.00 2.90 2.23
8.00 2.88 2.22
10.00 2.92 2.25
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y =8.90 x 105 + 0.7719
R? = 0.9872 °

3

10*k,, dm” mol

0 T T T T T 1
0 10,000 20,000 30,000 40,000 50,000 60,000

3 -1
1/[H*], dm mol
Figure 4.31: Plot of 10* k, versus 1/[H*] for the redox reaction of [Fe(salphen)]* and
H,0, at [Fe(salphen)] = 1.0 x 10 mol dm™, [H,0,] = 0.42 mol dm™, p

= 0.6 C> mol dm® [H]=2.0 x 10° mol dm® D=78.12, T=28+1C
and Amax = 435 nm
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1.4 q

y =2.00 x 10°x + 0.2017
1.2 A R?=0.988
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Figure 4.32:  Plot of 10? k, versus 1/[H*] for the redox reaction of [Mn(salphen)]" and
H,0, at [Mn(salphen)*] = 1.0 x 10* mol dm™, [H,0,] = 0.15 mol dm=, p
= 0.2 C*mol dm®, [H*] =20 x 10° mol dm® D=76.82, T=30+1C
and Amnax = 450 nm
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Figure 4.33: Plot of 10° k, versus 1/[H*] for the redox reaction of [Mn(salphen)]* and
S(CH,CH,OH), at [Mn(salphen)] = 1.0 x 10% mol dm?®
[S(CH,CH,0H),] = 0.40 mol dm™, u = 0.6 C*> mol dm™, D = 66.60, T =
50 + 1°C and hmax = 450 nm
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Figure 4.34: Plot of 10% k, versus 10° [H*] for the redox reaction of [Mn(salphen)]
and RSH at [Mn(salphen)*] = 1.0 x 10 mol dm™, [RSH] = 0.4 mol dm’
3 u= 0.6 C°moldm™ D=78.19, T =28+ 1°C and Amax = 450 nm
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- b
ke = a+ o 4.22

where a = 8.90 x 10° dm* mol™* s, b =7.72 x 10* s for H,0, — [Fe(salphen)]" reaction

d
ke = ¢+ o 4.23

[a—

where ¢ = 2.00 x 10° dm® mol™ s, d = 2.02 x 10™ s for H,0, — [Mn(salphen)]* reaction

ke = e+ o 4.24
where e = 1.70 x 10®° dm* mol™ s, f = 3.15 s* for S(CH,CH,0H), — [Mn(salphen)]*
reaction
ko = g + h[H] 4.25
where g = 2.31 dm* mol™ s, h = 2.09 dm® mol? s™ for RSH — [Mn(salphen)]" reaction.
4.6  Effect of Changes in lonic Strength and Dielectric Constant on the Reactions
Rate
Increase in ionic strength of the reaction medium had no effect on the reactions rate
of TSH, H,C,04 and H3PO, reactions with [Fe(salphen)]” (Tables 4.1 — 4.3) while the rate
decreased in H,O, — [Fe(salphen)]” reaction (Table 4.4) in the concentration range
investigated. Increase in ionic strength also had no effect on the reactions rate of TSH
(Table 4.6) and Ho,NNHCSNH, (Table 4.9) reactions with [Mn(salphen)]”, while the rate
decreased in H,O, (Table 4.5), SCN" (Table 4.8) and S(CH,CH,OH), (Table 4.10) reactions
with [Mn(salphen)]” but the rate increased in RSH — [Mn(salphen)]” reaction (Table 4.7).

The slope obtained from the plot of log k; against Vp was -0.91 in H,0, — [Fe(salphen)]

reaction (Figure 4.35) whereas slopes of -1.34, -0.76, -1.35 and 0.92 were obtained in the
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reactions of H,0,, SCN’, S(CH,CH,0OH), and RSH with [Mn(salphen)]* (Figures 4.36 —
4.39).

W, C mol™ dm’

0.6 0.7 0.8 0.9 1 1.1
3.1 1 1 1 1 J
-3.15 A
-3.2 A
-3.25 A
y =-0.9108x - 2.5763
R2=0.9884
o
X -3.3 4
(@)
L
-3.35 A
-3.4 A
-3.45
-3.5 A
-3.55 -

Figure 4.35: Plot of log ko versus VI for the redox reaction of [Fe(salphen)]* and
H,0O, at [Fe(salphen)*] = 1.0 x 10 mol dm™, [H,0,] = 0.42 mol dm®,
[H']=2.0 x 10° mol dm™, D =78.12, T = 28 + 1°C and Amay = 435 nm
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Vu, C mol*2 dm-
0.4 0.45

0.5 0.55 0.6 0.65 0.7
_18 1 1 1 1 1 J
-1.85 -
_1.9 4
-1.95 A
y=-1.3717x - 1.3132
2 R2=0.9734
' -2.05 A
[@)]
°
_2.1 4
-2.15 A
2.2 A
)
-2.25 A
_2.3 J

Figure 4.36: Plot of log k, versus VI for the redox reaction of [Mn(salphen)]" and
H,0, at [Mn(salphen)*] = 1.0 x 10 mol dm?, [H,0,] = 0.15 mol dm®,
[H]=2.0 x 10° mol dm™, D =76.82, T=30+ 1'C and Amax = 450 nm
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Figure 4.37: Plot of log k, versus VI for the redox reaction of [Mn(salphen)]" and
SCN" at [Mn(salphen)] = 1.0 x 10 mol dm™, [SCN] = 0.42 mol dm~,
[H'] = 4.0 x 10° mol dm™, D =78.12, T = 28 + 1°C and Amax = 450 nm
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Figure 4.38: Plot of log k;, versus VI for the redox reaction of [Mn(salphen)]" and
S(CH,CH,OH), at [Mn(salphen)] = 1.0 x 10% mol dm?®
[S(CH,CH,0H),] = 0.40 mol dm™, [H] = 2.0 x 10" mol dm™, D = 66.60,
T =50+ 1"C and hmax = 450 nm
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Figure 4.39: Plot of log ks versus VI for the redox reaction of [Mn(salphen)]" and
RSH at [Mn(salphen)] = 1.0 x 10* mol dm™, [RSH] = 0.4 mol dm?,
[H"] = 4.0 x 10° mol dm™® D =78.19, T = 28 + 1°C and Amax = 450 nm
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Decrease in the dielectric constant of the reaction medium had no effect on the
reaction rate of TSH, H,C,0, and HsPO, reactions with [Fe(salphen)]* (Tables 4.15 — 4.17)
while the rate decreased in H,O, - [Fe(salphen)]” reaction (Table 4.18). Similarly,
decreasing the dielectric constant of the reaction medium had no effect effect on the
reaction rate of TSH - [Mn(salphen)]” reaction (Table 4.19) whereas the rate decreased in
H,0,, SCN” H,NNHCSNH, and S(CH,CH,OH), reactions with [Mn(salphen)]” (Tables
4.20 — 4.23) but
an increase in the rate was observed in RSH — [Mn(salphen)]” reaction (Table 4.24). Plots
of log k, against 1/D are presented for H,O, — [Fe(salphen)]” reaction (Figure 4.40) and for
the reactions of H,0,, SCN, H;NNHCSNH;, S(CH,CH,OH), and RSH with

[Mn(salphen)]” (Figures 4.41 — 4.45).
4.7 Effect of Added lons on the Reactions Rate

Increase in concentration of added cations (Mg?*, Ca** and K*) had no effect effect
on the rate of H,C,04 — [Fe(salphen)]” reaction (Table 4.25), whereas the rate increased in
TSH, H3PO, and H,0, reactions with [Fe(salphen)]” (Tables 4.26 — 4.28) and in the
reactions of TSH and H,NNHCSNH; with [Mn(salphen)]” (Tables 4.29 and 4.30). The
reaction rate was however decreased with increasing cation concentration in the reactions
of H,0,, RSH, SCN" and S(CH,CH,OH), with [Mn(salphen)]" (Tables 4.31 — 4.34). Plots
of ion dependent second order rate constant, ks, versus concentrations of cations, [X] are

presented in Figures 4.46 — 4.63.

Increasing concentrations of added anions (SO4*, NO5, CH3COO™ and HCOO") had
no effect effect on the rate of H,C,0, — [Fe(salphen)]” reaction (Table 4.35) while the rate

increased in TSH, H3PO; and H,0; reactions with [Fe(salphen)]” (Tables 4.36 — 4.38) and
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TSH, RSH, SCN™ and H;NNHCSNH, reactions with [Mn(salphen)]” (Tables 4.39 —

4.42).

Table 4.15:  Effect of dielectric constant on the rate of reaction of [Fe(salphen)]” and
TSH at [Fe(salphen)] = 2.0 x 10 mol dm™, [TSH] = 0.15 mol dm™, p =
0.2 C*mol dm™, T =26 + 1°C and Amax = 435 Nm

D 10° 1/D 10° kq, s 107 k, dm® mol* s
76.88 1.30 2.16 1.44
74.69 1.34 2.14 1.43
73.59 1.36 2.17 1.45
72.49 1.38 2.14 1.43
71.40 1.40 2.12 1.41
69.20 1.45 2.16 1.44
67.01 1.49 2.10 1.40
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Table 4.16:  Effect of dielectric constant on the rate of reaction of [Fe(salphen)]” and
H,C,0, at [Fe(salphen)’] = 2.0 x 10 mol dm?, [H,C,04] = 6.0 x 10
mol dm™, p= 0.2 C* mol dm™, T =26 + 1°C and Amax = 435 nm

D 10° 1/D 10° kq, s 10 ky, dm® mol ™ s*
76.06 1.32 4.30 7.17
74.96 1.33 4.29 7.15
73.87 1.35 4.32 7.20
72.77 1.37 4.26 7.10
71.67 1.40 4.28 7.13
70.57 1.42 4.33 7.22
69.48 1.44 4.28 7.13
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Table 4.17:  Effect of dielectric constant on the rate of reaction of [Fe(salphen)]” and
HsPO; at [Fe(salphen)*] = 2.0 x 10" mol dm™, [HsPO,] = 0.13 mol dm™,
= 0.2C?>moldm™ T =26+ 1C and Amax = 435 Nm

D 10° 1/D 10° kq, s 107 k, dm® mol* s
76.68 1.30 2.92 2.25
75.58 1.32 2.88 2.22
74.48 1.34 2.90 2.23
73.39 1.36 2.83 2.18
72.29 1.38 2.95 2.27
71.19 1.41 2.92 2.25
70.09 1.43 2.86 2.20
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Table 4.18:  Effect of dielectric constant on the rate of reaction of [Fe(salphen)]” and
H,0, at [Fe(salphen)*] = 1.0 x 10" mol dm?, [H,0;] = 0.42 mol dm™,
= 0.6 C* mol dm™, [H'] = 2.0 x 10° mol dm™, T =28 + 1°C and hyax =

435 nm
D 10° 1/D 10* kq, s 10" k, dm® mol* s
78.12 1.28 2.15 5.12
77.02 1.30 1.98 4.71
75.92 1.32 1.64 3.91
74.83 1.34 1.37 3.26
73.73 1.36 1.00 2.38
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Table 4.19:  Effect of dielectric constant on the rate of reaction of [Mn(salphen)]”
and TSH at [Mn(salphen)] = 1.0 x 10 mol dm™, [TSH] = 0.42 mol dm’
3 u= 0.6 C>moldm™ T =232+1C and Amax = 450 nm

D 10° 1/D 10% kq, s 10° k, dm® mol ™ s
77.98 1.28 6.75 1.61
76.88 1.30 6.79 1.62
75.79 1.32 6.89 1.64
74.69 1.34 6.75 1.61
73.59 1.36 6.79 1.62
72.49 1.38 6.86 1.63
71.40 1.40 6.75 1.61
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Table 4.20:  Effect of dielectric constant on the rate of reaction of [Mn(salphen)]”
and H,0, at [Mn(salphen)*] = 1.0 x 10 mol dm™, [H,0,] = 0.15 mol
dm®, p= 0.2 C*mol dm?, [H"] = 2.0 x 10° mol dm™, T =30 + 1°C and
Amax =450 nm

D 10° 1/D 10°ky, s 10% kz, dm® mol ™ s™

76.82 1.30 1.84 1.23

75.72 1.32 1.15 0.77

74.62 1.34 0.97 0.65

73.52 1.36 0.85 0.57

72.43 1.38 0.74 0.49
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Table 4.21:  Effect of dielectric constant on the rate of reaction of [Mn(salphen)]
and SCN™ at [Mn(salphen)*] = 1.0 x 10™ mol dm™, [SCN] = 0.42 mol
dm?® p= 0.6 C* mol dm®, [H*] = 4.0 x 10° mol dm™® T =28+ 1°C and
Amax = 450 nm

D 10* 1/D 10" ky, ™ 10° kp, dm® mol " s

78.12 1.28 6.47 1.54

77.84 1.29 5.18 1.23

77.57 1.29 3.68 0.88

77.30 1.29 2.13 0.51

77.02 1.29 1.13 0.27
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Table 4.22:  Effect of dielectric constant on the rate of reaction of [Mn(salphen)]
and H,NNHCSNH, at [Mn(salphen)’] = 1.0 x 10 mol dm?®
[H:NNHCSNH,] = 0.28 mol dm™, = 0.6 C> mol dm™, [H*] = 2.0 x 10°
mol dm™, T =28 + 1°C and Amax = 450 nm

D 10° 1/D 10* kq, s 10° ky, dm® mol™ s
75.10 1.33 11.40 4.07
74.00 1.35 10.41 3.72
72.91 1.37 9.90 3.54
71.81 1.39 8.98 3.21
70.71 1.41 8.59 3.07
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Table 4.23:  Effect of dielectric constant on the rate of reaction of [Mn(salphen)]”
and S(CH,CH,OH), at [Mn(salphen)] = 1.0 x 10* mol dm®,
[S(CH,CH,0H),] = 0.40 mol dm™, p = 0.6 C* mol dm?, [H'] = 2.0 x 10
mol dm™, T =50 1°C and hmax = 450 nm

D 10° 1/D 10* kq, s 10° ky, dm® mol™ s
66.60 1.50 16.60 4.15
65.76 1.52 14.50 3.63
64.92 1.54 12.70 3.18
63.23 1.58 9.47 2.37
61.54 1.63 6.96 1.74
59.85 1.67 5.46 1.37
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Table 4.24: Effect of dielectric constant on the rate of reaction of [Mn(salphen)]”
and RSH at [Mn(salphen)] = 1.0 x 10 mol dm™, [RSH] = 0.40 mol dm’
3 u= 0.6 C*mol dm? [H']=4.0 x 10° mol dm™, T =28 + 1°C and Amax

=450 nm
D 10° 1/D 10° kq, s 10° k,, dm® mol™ s
78.19 1.28 5.07 1.27
77.64 1.29 5.51 1.38
77.09 1.30 6.50 1.63
76.54 1.31 7.62 1.91
75.99 1.32 9.70 2.43
75.44 1.33 11.17 2.79
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Figure 4.40: Plot of log k, versus 10% 1/D for the redox reaction of [Fe(salphen)]" and
H,0, at [Fe(salphen)] = 1.0 x 10 mol dm™, [H,0.] = 0.42 mol dm™, p
= 0.6 C*> mol dm?3, [H*]=2.0 x 10° mol dm™, T =28 + 1'C and Amax =
435 nm
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Figure 4.41: Plot of log k, versus 10° 1/D for the redox reaction of [Mn(salphen)]*
and H,0, at [Mn(salphen)*] = 1.0 x 10 mol dm™, [H,0,] = 0.15 mol
dm3, p= 0.2 C*mol dm?, [H*]=2.0 x 10° mol dm™, T =30 + 1°C and
Amax = 450 nm
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Figure 4.42:

-2.2

2.4 -

-2.6 -

-2.8 4

-3.2 A

3.4 4

-3.6 A

-3.8 -

1.275

102 1/D

1.28 1.285 1.29 1.295 13

1.305

Plot of log k. versus 10? 1/D for the redox reaction of [Mn(salphen)]

y = -41.788x + 50.743
R? = 0.9632

+

and SCN™ at [Mn(salphen)*] = 1.0 x 10™ mol dm™, [SCN] = 0.42 mol
dm?3, p= 0.6 C*mol dm?, [H*] = 4.0 x 10° mol dm™, T =28 + 1°C and
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Figure 4.43: Plot of log k, versus 10° 1/D for the redox reaction of [Mn(salphen)]*
and H,NNHCSNH, at [Mn(salphen)’] = 1.0 x 10% mol dm?®
[H,NNHCSNH,] = 0.28 mol dm™, p = 0.6 C* mol dm™, [H*] = 2.0 x 10°
mol dm™, T = 28 + 1°C and Amax = 450 nm
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Figure 4.44: Plot of log k, versus 10° 1/D for the redox reaction of [Mn(salphen)]*
and S(CH,CH,OH), at [Mn(salphen)’] = 1.0 x 10* mol dm?,
[S(CH,CH,0H),] = 0.40 mol dm™, p = 0.6 C*> mol dm?, [H*] = 2.0 x 10°
mol dm™, T =50+ 1°C and Amax = 450 nm
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Figure 4.45: Plot of log k, versus 10° 1/D for the redox reaction of [Mn(salphen)]*

and RSH at [Mn(salphen)*] = 1.0 x 10 mol dm™, [RSH] = 0.4 mol dm’
3 u= 0.6 C>mol dm™ T =28+ 1'C and Amax = 450 nm
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Table 4.25: Effect of added cations on the rate of reaction [Fe(salphen)]” and
H,C,0, at [Fe(salphen)’] = 2.0 x 10 mol dm?, [H,C,04] = 6.0 x 10
mol dm™, p= 0.2 C>* mol dm™, D = 76.06, T = 26 + 1'C and Amax = 435

nm

[X] 10° [X], mol dm” 10° kq, s 10 ko, dm® mol™ s*

Mg~ 0.00 4.26 7.10
1.00 4.30 7.17
2.00 4.29 7.15
3.00 4.29 7.15
4.00 4.26 7.10
5.00 4.27 7.12
6.00 4.28 7.14

K* 0.00 4.27 7.12
1.00 4.29 7.15
2.00 4.28 7.13
3.00 4.26 7.10
4.00 4.25 7.08
5.00 4.27 7.12
6.00 4.26 7.10
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Table 4.26:  Effect of added cations on the rate of reaction [Fe(salphen)]” and TSH
at [Fe(salphen)*] = 2.0 x 10 mol dm™, [TSH] = 0.15 mol dm?,
0.2 C*mol dm™® D =76.88, T = 26 + 1'C and Amax = 435 nm
[X] 10° [X], mol dm” 10° kq, s 107 ky, dm® mol™ s*
Mg~ 0.0 2.16 1.44
1.0 2.24 1.49
2.0 2.28 1.52
3.0 2.33 1.55
4.0 2.37 1.58
6.0 2.46 1.64
8.0 2.55 1.70
Ca** 0.0 2.15 1.43
1.0 2.19 1.46
2.0 2.24 1.49
3.0 2.28 1.52
4.0 2.31 1.54
6.0 2.39 1.59
8.0 2.43 1.62
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Table 4.27:  Effect of added cations on the rate of reaction [Fe(salphen)]” and HsPO,
at [Fe(salphen)] = 2.0 x 10™ mol dm™, [H3PO,] = 0.13 mol dm™, p =
0.2 C*mol dm™ D =76.68, T =26 + 1'C and Ayax = 435 nm

[X] 10° [X], mol dm” 10° kq, s 107 ky, dm® mol™ s*

Mg~ 0.0 2.90 2.23
1.0 3.04 2.34
2.0 3.13 2.41
3.0 3.32 2.55
4.0 3.64 2.80
5.0 3.96 3.05
6.0 4.28 3.29

ca’* 0.0 2.88 2.22
1.0 2.95 2.27
2.0 3.41 2.62
3.0 3.43 2.64
4.0 3.94 3.03
5.0 4.19 3.22
6.0 4.26 3.32
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Table 4.28:  Effect of added cations on the rate of reaction [Fe(salphen)]” and H,O,
at [Fe(salphen)] = 1.0 x 10 mol dm?, [H,0,] = 0.42 mol dm™, p =
0.6 C* mol dm™, [H*] = 2.0 x 10° mol dm™ D =78.12, T=28+1°C and

Amax = 435 nm

[X] 10° [X], mol dm™ 10% ky, s 10" ko, dm® mol™ s

Mg~ 0.00 2.14 5.10
1.00 2.21 5.26
5.00 2.26 5.38
10.00 2.42 5.76
15.00 2.56 6.10
20.00 2.88 6.86
25.00 3.13 7.45
30.00 3.34 7.95

ca” 0.00 2.14 5.10
1.00 2.24 5.33
5.00 2.27 5.40
10.00 2.35 5.60
15.00 2.49 5.93
20.00 2.81 6.69
25.00 2.99 7.12
30.00 3.22 7.67
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Table 4.29:  Effect of added cations on the rate of reaction [Mn(salphen)]” and TSH
at [Mn(salphen)"] = 1.0 x 10 mol dm™, [TSH] = 0.42 mol dm™, p =
0.6 C>mol dm™ D =77.98, T =32 + 1°C and Ayax = 450 nm

[X] 10° [X], mol dm” 10% kq, s 10° ky, dm® mol™ s*

Mg~ 0.00 6.79 1.62
1.00 7.09 1.69
5.00 8.01 1.91
10.00 8.36 1.99
15.00 9.83 2.34
20.00 10.78 2.57
25.00 13.22 3.15
30.00 14.32 3.41

ca’* 0.00 6.79 1.62
1.00 6.86 1.63
5.00 7.42 1.77
10.00 7.88 1.88
15.00 8.41 2.00
20.00 9.70 2.31
25.00 10.41 2.48
30.00 11.20 2.67
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Table 4.30: Effect of added cations on the rate of reaction [Mn(salphen)]” and
H,NNHCSNH, at [Mn(salphen)’] = 1.0 x 10* mol dm?
[H:NNHCSNH,] = 0.28 mol dm™, = 0.6 C> mol dm™, [H*] = 2.0 x 10°
mol dm™®, D =75.10, T = 28 £ 1 'C and Ama = 450 nm

[X] 10° [X], mol dm™ 10% ky, s 10° kp, dm® mol™ s

Mg~ 0.00 11.33 4.05
1.00 12.41 4.43
5.00 15.42 5.51
10.00 25.63 9.15
15.00 33.41 11.93
20.00 36.82 13.15
25.00 4413 15.76
30.00 53.86 19.24

ca” 0.00 11.33 4.05
1.00 12.21 4.36
5.00 15.96 5.70
10.00 19.16 6.84
15.00 25.49 9.10
20.00 39.20 14.00
25.00 45.16 16.13
30.00 52.09 18.60
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Table 4.31:  Effect of added cations on the rate of reaction [Mn(salphen)]” and H,0,
at [Mn(salphen)] = 1.0 x 10 mol dm™®, [H20,] = 0.15 mol dm?®, p =
0.2 C* mol dm™, [H*] = 2.0 x 10° mol dm™ D =76.82, T=30+ 1'C and

Amax = 450 nm

[X] 10° [X], mol dm™ 10° ky, s 10° kp, dm® mol™ s™

Mg~ 0.00 1.86 1.24
2.00 1.61 1.07
4.00 1.43 0.95
6.00 1.22 0.81
8.00 1.06 0.71
1.00 0.90 0.60
12.00 0.71 0.48

ca” 0.00 1.86 1.24
2.00 1.73 1.15
4.00 1.59 1.06
6.00 1.36 0.91
8.00 1.17 0.78
1.00 1.09 0.73
12.00 0.83- 0.55
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Table 4.32:  Effect of added cations on the rate of reaction [Mn(salphen)]” and RSH
at [Mn(salphen)*] = 1.0 x 10* mol dm™, [RSH] = 0.4 mol dm® p =
0.6 C2 mol dm™, [H*] = 4.0 x 10° mol dm™ D =78.19, T=28+1°C and

Amax = 450 nm

[X] 10° [X], mol dm™ 10° ky, s 10° kp, dm® mol™ s™

Mg~ 0.00 5.02 1.26
1.00 4.86 1.22
5.00 4.24 1.06
10.00 3.41 0.85
15.00 2.67 0.67
20.00 251 0.63
25.00 1.70 0.43
30.00 1.32 0.33

K* 0.00 5.02 1.26
1.00 4,91 1.23
5.00 4.44 1.11
10.00 3.80 0.95
15.00 2.92 0.73
20.00 2.21 0.55
25.00 1.93 0.48
30.00 1.45 0.36
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Table 4.33:  Effect of added cations on the rate of reaction [Mn(salphen)]” and SCN
at [Mn(salphen)] = 1.0 x 10™ mol dm™, [SCN] = 0.42 mol dm™, u= 0.6
C?mol dm™, [H*]=4.0 x 10° mol dm™®, D =78.12, T =28 + 1°C and hnax

=450 nm

[X] 10° [X], mol dm™ 10% ky, s 10° kp, dm® mol™ s

Mg~ 0.00 6.47 1.54
1.00 6.40 1.52
5.00 6.10 1.45
10.00 5.62 1.34
15.00 4.88 1.16
20.00 3.98 0.95
25.00 3.66 0.87
30.00 3.22 0.77

ca” 0.00 6.47 1.54
1.00 6.43 1.53
5.00 6.00 1.43
10.00 5.44 1.30
15.00 4.76 1.13
20.00 4.50 1.07
25.00 3.58 0.85
30.00 3.14 0.75
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Table 4.34: Effect of added cations on the rate of reaction of [Mn(salphen)]” and
S(CH,CH,OH), at [Mn(salphen)] = 1.0 x 10% mol dm?®
[S(CH,CH,0H),] = 0.40 mol dm™, p = 0.6 C* mol dm?, [H'] = 2.0 x 10
mol dm™, D = 66.60, T =50 + 1 C and Ama = 450 nm

[X] 10° [X], mol dm™ 10° ky, s 10° kp, dm® mol™ s

Mg~ 0.00 16.60 4.15
1.00 16.00 4.00
5.00 13.90 3.48
10.00 13.00 3.25
15.00 12.10 3.03
20.00 11.20 2.80
25.00 10.40 2.60
30.00 9.50 2.38

ca” 0.00 16.60 4.15
1.00 15.50 3.88
5.00 13.80 3.45
10.00 11.60 2.90
15.00 9.70 2.43
20.00 8.60 2.15
25.00 7.80 1.95
30.00 6.70 1.68
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0.2 C*mol dm™® D =76.88, T = 26 + 1'C and Amax = 435 nm
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Figure 4.48: Plot of k, versus [Mg?] for the redox reaction of [Fe(salphen)]* and
HsPO, at [Fe(salphen)*] = 2.0 x 10 mol dm™, [HsPO,] = 0.13 mol dm™,
L= 0.2C?>moldm™ D=76.68 T =26+ 1C and Amax = 435 nm
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Figure 4.49: Plot of k, versus [Ca?'] for the redox reaction of [Fe(salphen)]* and

HsPO, at [Fe(salphen)*] = 2.0 x 10" mol dm™, [HsPO,] = 0.13 mol dm™,
L= 0.2C?>moldm™ D=76.68 T =26+ 1C and Amax = 435 nm
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Figure 4.50: Plot of 10* k, versus 10° [Mg®*] for the redox reaction of [Fe(salphen)]*
and H,O, at [Fe(salphen)*] = 1.0 x 10 mol dm™, [H,0,] = 0.42 mol
dm?3, p= 0.6 C> mol dm™, [H*] = 2.0 x 10° mol dm™, D =78.12, T = 28
+ 1°C and Amax = 435 nm
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Plot of 10* k, versus 10° [Ca®*] for the redox reaction of [Fe(salphen)]
and H,O, at [Fe(salphen)*] = 1.0 x 10 mol dm™, [H,0,] = 0.42 mol
dm? pu= 0.6 C>*mol dm?, [H"]=2.0 x 10° mol dm® D =78.12, T = 28
+ 1°C and hmax = 435 NM
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Figure 4.52: Plot of 10° k, versus 10° [Mg?] for the redox reaction of
[Mn(salphen)]* and TSH at [Mn(salphen)] = 1.0 x 10* mol dm?,
[TSH] = 0.42 mol dm™ p=0.6 C>*mol dm™ D=7798 T=32+1C
and Amax = 450 nm
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and TSH at [Mn(salphen)*] = 1.0 x 10 mol dm™, [TSH] = 0.42 mol
dm3, p= 0.6 C*mol dm™ D =77.98, T =32+ 1°C and Amax = 450 nm
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Figure 4.54: Plot of 10° k, versus 10° [Mg?] for the redox reaction of [Mn(salphen)]*
and H,NNHCSNH, at [Mn(salphen)'] = 1.0 x 10* mol dm?
[H,NNHCSNH,] = 0.28 mol dm™, p = 0.6 C> mol dm?, [H*] = 2.0 x 10°
mol dm™, D = 75.10, T = 28 £+ 1'C and Amax = 450 nm
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Figure 4.55: Plot of 10° k, versus 10° [Ca®*] for the redox reaction of [Mn(salphen)]*
and H,NNHCSNH, at [Mn(salphen)'] = 1.0 x 10* mol dm?
[H,NNHCSNH,] = 0. 28 mol dm™, p = 0.6 C* mol dm™, [H*] = 2.0 x 10°
mol dm™, D = 75.10, T = 28 £+ 1'C and Amax = 450 nm
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Figure 4.56: Plot of 10° k, versus 10° [Mg?*] for the redox reaction of [Mn(salphen)]*
and H,0, at [Mn(salphen)'] = 1.0 x 10 mol dm™, [H,0,] = 0.15 mol
dm?® pu=0.2C*mol dm? [H*]=2.0 x 10° mol dm™ D =76.82, T=30 +
1°C and Amax = 450 nm
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Figure 4.57: Plot of 10° k, versus 10° [Ca®*] for the redox reaction of [Mn(salphen)]*
and H,0, at [Mn(salphen)'] = 1.0 x 10 mol dm™, [H,0,] = 0.15 mol
dm?® u=0.2C*mol dm? [H*]=2.0 x 10° mol dm™ D =76.82, T=30 +
1°C and Amax = 450 nm
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Plot of 10° k, versus 10° [Mg?*] for the redox reaction of [Mn(salphen)]*
and RSH at [Mn(salphen)*] = 1.0 x 10 mol dm™, [RSH] = 0.4 mol dm’
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Figure 4.59: Plot of 10% k, versus 10° [K'] for the redox reaction of [Mn(salphen)]*
and RSH at [Mn(salphen)*] = 1.0 x 10* mol dm™, [RSH] = 0.4 mol dm’
 w= 0.6 C*mol dm™ [H*] = 4.0 x 10° mol dm™ D =78.19, T=28 +
1°C and hmax = 450 nm
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Figure 4.60: Plot of 10* k, versus 10° [Mg®*] for the redox reaction of [Mn(salphen)]*
and SCN™ at [Mn(salphen)*] = 1.0 x 10 mol dm™, [SCN] = 0.42 mol
dm3, p= 0.6 C> mol dm™, [H*] = 4.0 x 10° mol dm™, D =78.12, T = 28
+1°C and Amay = 450 nm
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dm?® pu= 0.6 C>*mol dm™, [H"] = 4.0 x 10° mol dm® D =78.12, T = 28
+ 1°C and hmax = 450 nm
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Figure 4.62: Plot of 10% k, versus 10° [Mg®*] for the redox reaction of [Mn(salphen)]*
and S(CH,CH,OH), at [Mn(salphen)’] = 1.0 x 10®* mol dm?,
[S(CH,CH,0H),] = 0.40 mol dm™, p = 0.6 C?> mol dm?, [H*] = 2.0 x 10°
mol dm™, D = 66.60, T =50 + 1°C and Amay = 450 nm
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Figure 4.63: Plot of 10° k, versus 10° [Ca®*] for the redox reaction of [Mn(salphen)]*
and S(CH,CH.OH), at [Mn(salphen)] = 1.0 x 10* mol dm?,
[S(CH,CH,0H),] = 0.40 mol dm™, p = 0.6 C*> mol dm?, [H*] = 2.0 x 10°
mol dm™, D = 66.60, T =50 £ 1'C and Amax = 450 nm
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Table 4.35: Effect of added anions on the rate of reaction [Fe(salphen)]” and
H,C,0, at [Fe(salphen)’] = 2.0 x 10 mol dm?, [H,C,04] = 6.0 x 10
mol dm™, p= 0.2 C>* mol dm™, D = 76.06, T = 26 + 1'C and Amax = 435

nm

[X] 10° [X], mol dm” 10° kq, s 10 ko, dm® mol™ s*

NOs 0.00 4.27 7.12
1.00 4.29 7.15
2.00 4.28 7.13
3.00 4.26 7.10
4.00 4.29 7.15
6.00 4.27 7.12
8.00 4.28 7.13

CH,COO 0.00 4.28 7.13
1.00 4.26 7.10
2.00 4.29 7.15
3.00 4.27 7.12
4.00 4.30 7.17
6.00 4.29 7.15
8.00 4.26 7.10
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Table 4.36:  Effect of added anions on the rate of reaction [Fe(salphen)]” and TSH at
[Fe(salphen)*] = 2.0 x 10 mol dm™, [TSH] = 0.15 mol dm®, u = 0.2
C®mol dm™, D =76.88, T =26 = 1°C and hmax = 435 nm

[X] 10° [X], mol dm” 10° kq, s 107 ky, dm® mol™ s*

NOs 0.0 2.16 1.44
1.0 2.18 1.45
2.0 2.22 1.48
3.0 2.26 1.51
4.0 2.30 1.53
6.0 2.36 1.57
8.0 2.46 1.64

CH;COO 0.0 2.16 1.44
1.0 2.21 1.47
2.0 2.25 1.50
3.0 2.30 1.53
4.0 2.34 1.56
6.0 2.43 1.62
8.0 2.49 1.66
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Table 4.37:  Effect of added anions on the rate of reaction [Fe(salphen)]” and HsPO,
at [Fe(salphen)*] = 2.0 x 10™ mol dm?, [HsPO,] = 0.13 mol dm™, p =
0.2 C*mol dm™ D =76.68, T =26 + 1'C and Ayax = 435 nm

[X] 10° [X], mol dm” 10° kq, s 107 ky, dm® mol™ s*

NOs 0.0 2.88 2.22
1.0 3.21 2.47
2.0 3.49 2.68
3.0 3.61 2.78
4.0 3.66 2.82
5.0 4.06 3.12
6.0 4.35 3.35

CH;COO 0.0 2.86 2.20
1.0 3.06 2.35
2.0 3.20 2.46
3.0 3.34 2.57
4.0 3.59 2.76
5.0 3.96 3.05
6.0 4.26 3.28

150



Table 4.38:  Effect of added anions on the rate of reaction [Fe(salphen)]” and H,0,
at [Fe(salphen)] = 1.0 x 10 mol dm™, [H,0,] = 0.42 mol dm™, p =
0.6 C* mol dm™, [H*] = 2.0 x 10° mol dm™ D =78.12, T=28+1°C and

Amax = 435 nm

[X] 10° [X], mol dm™ 10% ky, s 10" ko, dm® mol™ s

NOj3 0.00 2.15 5.12
1.00 2.17 5.17
5.00 2.40 571
10.00 2.63 6.26
15.00 2.67 6.36
20.00 3.04 7.24
25.00 3.22 7.67
30.00 3.57 8.50

HCOO 0.00 2.14 5.10
1.00 2.19 5.21
5.00 2.28 5.43
10.00 2.47 5.88
15.00 2.78 6.62
20.00 3.11 7.40
25.00 3.41 8.12
30.00 3.64 8.67
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Table 4.39:  Effect of added anions on the rate of reaction [Mn(salphen)]” and TSH
at [Mn(salphen)"] = 1.0 x 10 mol dm™, [TSH] = 0.42 mol dm™, p =
0.6 C>mol dm™ D =77.98, T =32 + 1°C and Ayax = 450 nm

[X] 10° [X], mol dm” 10% kq, s 10° ky, dm® mol™ s*

NOs 0.00 6.79 1.62
1.00 6.91 1.65
5.00 7.23 1.72
10.00 9.53 2.27
15.00 11.79 2.81
20.00 12.25 2.92
25.00 16.24 3.87
30.00 17.20 4.10

HCOO 0.00 6.79 1.62
1.00 7.00 1.67
5.00 7.58 1.80
10.00 9.76 2.32
15.00 12.02 2.86
20.00 14.16 3.37
25.00 17.83 4.25
30.00 20.73 4.94
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Table 4.40:  Effect of added anions on the rate of reaction [Mn(salphen)]” and RSH
at [Mn(salphen)"] = 1.0 x 10 mol dm™, [RSH] = 0.40 mol dm™, p =
0.6 C* mol dm™, [H*] = 4.0 x 10° mol dm™ D =78.19, T=28+1°C and

Amax = 450 nm

[X] 10° [X], mol dm™ 10° ky, s 10° kp, dm® mol™ s™

NO3 0.00 5.02 1.26
1.00 5.32 1.33
5.00 5.62 1.41
10.00 6.91 1.73
15.00 7.53 1.88
20.00 9.04 2.26
25.00 9.86 2.47
30.00 11.68 2.92

S04~ 0.00 5.02 1.26
1.00 5.20 1.30
5.00 5.57 1.39
10.00 6.56 1.64
15.00 7.46 1.87
20.00 8.08 2.02
25.00 9.74 2.44
30.00 10.32 2.58
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Table 4.41:  Effect of added anions on the rate of reaction [Mn(salphen)]” and SCN"
at [Mn(salphen)] = 1.0 x 10™ mol dm™, [SCN] = 0.42 mol dm™, u= 0.6
C?mol dm™, [H*]=4.0 x 10° mol dm™®, D =78.12, T =28 + 1°C and hnax

=450 nm

[X] 10° [X], mol dm™ 10% ky, s 10° kp, dm® mol™ s

NOj3 0.00 6.47 1.54
1.00 6.52 1.55
5.00 6.68 1.59
10.00 7.16 1.70
15.00 8.29 1.97
20.00 8.64 2.06
25.00 9.40 2.24
30.00 10.76 2.56

HCOO 0.00 6.47 1.54
1.00 6.54 1.56
5.00 6.88 1.64
10.00 6.96 1.66
15.00 7.74 1.84
20.00 7.97 1.90
25.00 8.98 2.14
30.00 9.17 2.18
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Table 4.42: Effect of added anions on the rate of reaction [Mn(salphen)]” and
H,NNHCSNH, at [Mn(salphen)’] = 1.0 x 10* mol dm?
[H:NNHCSNH,] = 0.28 mol dm™®, p = 0.6 C> mol dm™, [H*] = 2.0 x 107
mol dm™, D = 75.10, T = 28 + 1'C and Amax = 450 nm

[X] 10° [X], mol dm™ 10% ky, s 10° kp, dm® mol™ s

NO3 0.00 11.33 4.05

1.00 11.93 4.26
5.00 13.34 4.76
10.00 16.91 6.04
15.00 22.44 8.01
20.00 23.58 8.42
25.00 30.03 10.73
30.00 35.79 12.78
HCOO 0.00 11.33 4.05
1.00 11.98 4.28
5.00 13.66 4.88
10.00 17.87 6.38
15.00 21.90 7.82
20.00 27.89 9.96
25.00 34.24 12.23
30.00 38.55 13.77
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However, the rate decreased with an increase in concentration of added anions in H,O, and
S(CH,CH,0H), reactions with [Mn(salphen)]” (Tables 4.43 and 4.44). Plots of ion
dependent second order rate constant, ko, versus concentrations of anions, [X] are presented
in Figures 4.64 — 4.81.

4.8  Effect of Temperature on the Reactions Rate

The results of temperature dependence on the reactions rate and activation
. . Ky 1
parameters for the reactions are presented in Tables 4.45 — 4.54. Plots of In (?) Versus (;)

are presented in Figures 4.82 — 4.91 while the values of AH', AS, AG' and E, obtained are
also presented in Tables 4.45 — 4.54.

4.9  Test for Intermediate Complex Formation
The results of test for intermediate complex are presented in sections 4.9.1 —4.9.2.
4.9.1 Spectrophotometric test

There was no shift in Amax recorded for all the reactions studied (Figures 4.92 —
4.100) except in the reaction of RSH with [Mn(salphen)]” where a slight shift was observed

from 450 nm to 425 nm (Figure 4.101).
4.9.2 Michaelis — Menten plots

The Michaelis-Menten plots of 1/k; versus 1/[reductant] were linear without an
intercept in the reactions of TSH, H,C,0, and H3PO, with [Fe(salphen)]” (Figures 4.102 —
4.104) and in the reactions of TSH, RSH, SCN", H,NNHCSNH, and S(CH,CH,0H), with
[Mn(salphen)]” (Figures 4.105 — 4.109). However, intercepts were obtained from the plots
of 1/k; versus 1/[H,0,] in the reactions of H,O, with [Fe(salphen)]” and [Mn(salphen)]”

(Figures 4.110 and 4.111).
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Table 4.43:  Effect of added anions on the rate of reaction [Mn(salphen)]” and H,0,
at [Mn(salphen)"] = 1.0 x 10™ mol dm™, [H;0;] = 0.15 mol dm™, p =
0.2 C* mol dm™, [H*] = 2.0 x 10° mol dm™ D =76.82, T=30+ 1'C and

Amax = 450 nm

[X] 10° [X], mol dm™ 10° ky, s 10° kp, dm® mol™ s™

NOj3 0.00 1.86 1.24
2.00 1.68 1.12
4.00 1.50 1.00
6.00 1.40 0.93
8.00 1.29 0.86
10.00 112 0.75
12.00 1.04 0.69

HCOO 0.00 1.86 1.24
2.00 1.64 1.09
4.00 1.45 0.97
6.00 1.27 0.85
8.00 111 0.74
10.00 1.01 0.67
12.00 0.92 0.61
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Table 4.44: Effect of added anions on the rate of reaction of [Mn(salphen)]” and
S(CH,CH,OH), at [Mn(salphen)] = 1.0 x 10% mol dm?®
[S(CH,CH,0H),] = 0.40 mol dm™, p = 0.6 C* mol dm?, [H'] = 2.0 x 10
mol dm™, D = 66.60, T =50 + 1 C and Ama = 450 nm

[X] 10° [X], mol dm™ 10% ky, s 10° kp, dm® mol™ s

S04~ 0.00 16.60 4.15
1.00 15.30 3.83
5.00 12.80 3.20
10.00 11.10 2.78
15.00 9.50 2.38
20.00 7.60 1.90
25.00 6.38 1.60
30.00 4.68 1.17

HCOO 0.00 16.60 4.15
1.00 15.00 3.75
5.00 12.30 3.08
10.00 10.10 2.53
15.00 7.89 1.97
20.00 6.41 1.60
25.00 3.34 0.84
30.00 1.29 0.32
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Figure 4.64: Plot of k, versus [NO3] for the redox reaction of [Fe(salphen)]” and

TSH at [Fe(salphen)*] = 2.0 x 10 mol dm™, [TSH] = 0.15 mol dm?,
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Figure 4.65: Plot of k, versus [CH3COO for the redox reaction of [Fe(salphen)]”
and TSH at [Fe(salphen)] = 2.0 x 10™ mol dm™, [TSH] = 0.15 mol dm,
H=0.2C?*mol dm™ D =76.88, T =26 + 1'C and Amax = 435 nm
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Figure 4.67: Plot of k, versus [CH3COOQ? for the redox reaction of [Fe(salphen)]”

and H3PO, at [Fe(salphen)'] = 2.0 x 10 mol dm™, [HsPO,] = 0.13 mol
dm™ p= 0.2C*mol dm™ D =76.68, T =26 + 1°C and Amax = 435 nm
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Figure 4.68: Plot of 10* k, versus 10° [NO37] for the redox reaction of [Fe(salphen)]*
and H,0O, at [Fe(salphen)*] = 1.0 x 10 mol dm™, [H,0,] = 0.42 mol
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Figure 4.69: Plot of 10* k, versus 10° [HCOO7 for the redox reaction of
[Fe(salphen)]* and H,0; at [Fe(salphen)] = 1.0 x 10 mol dm?, [H,0,]
= 0.42 mol dm? p= 0.6 C>mol dm™ [H']=2.0 x 10° mol dm>, D =
78.12, T =28+ 1°C and Amax = 435 nm
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Plot of 10° k, versus 10° [NO5] for the redox reaction of [Mn(salphen)]*
and TSH at [Mn(salphen)*] = 1.0 x 10 mol dm™, [TSH] = 0.42 mol
dm?® pu= 0.6 C*mol dm® D =77.98, T =32+ 1'C and hnax = 450 nm
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Figure 4.71:
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Plot of 10° k, versus 10° [HCOOT] for the redox reaction of
[Mn(salphen)]* and TSH at [Mn(salphen)*] = 1.0 x 10 mol dm™, [TSH]
=0.42 mol dm™, pu= 0.6 C?moldm™ D=77.98, T=32+1"C and Amax =
450 nm
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Figure 4.72:
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Plot of 10° k, versus 10? [NO3] for the redox reaction of [Mn(salphen)]*
and RSH at [Mn(salphen)*] = 1.0 x 10* mol dm™, [RSH] = 0.4 mol dm’
5 n= 0.6 C?>mol dm?3 [H']=4.0 x 10° mol dm™, D =78.19, T =28 +
1°C and Amax = 450 nm
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Figure 4.73:  Plot of 10°k, versus 10% [SO,*] for the redox reaction of [Mn(salphen)]*
and RSH at [Mn(salphen)*] = 1.0 x 10* mol dm™, [RSH] = 0.4 mol dm’
 w= 0.6 C*mol dm™ [H*] = 4.0 x 10° mol dm™ D =78.19, T=28 +
1°C and Amax = 450 nm
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Figure 4.74:  Plot of 10% k, versus 10° [NO37] for the redox reaction of [Mn(salphen)]*
and SCN™ at [Mn(salphen)*] = 1.0 x 10 mol dm™, [SCN7] = 0.42 mol
dm3, p= 0.6 C> mol dm™, [H*] = 4.0 x 10° mol dm™, D =78.12, T = 28
+1°C and Amax = 450 nm
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Figure 4.75:
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Plot of 10° k, versus 10° [HCOOT] for the redox reaction of
[Mn(salphen)]* and SCN™ at [Mn(salphen)] = 1.0 x 10* mol dm?,
[SCNT = 0.42 mol dm™, u = 0.6 C*> mol dm?, [H*] = 4.0 x 10®° mol dm™,
D =78.12, T =28 = 1°C and Amax = 450 nm
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Figure 4.76: Plot of 10% k, versus 10° [NO37] for the redox reaction of [Mn(salphen)]*
and H,NNHCSNH; at [Mn(salphen)’] = 1.0 x 10* mol dm?,
[H,NNHCSNH,] = 0. 28 mol dm™, u = 0.6 C>mol dm=, [H] = 2.0 x
10° mol dm™, D =75.10, T = 28 + 1°C and Amax = 450 nm
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Figure 4.77: Plot of 10° k, versus 10° [HCOO7] for the redox reaction of
[Mn(salphen)]* and H,NNHCSNH, at [Mn(salphen)’] = 1.0 x 10™ mol
dm, [H;NNHCSNH,] = 0. 28 mol dm™, u = 0.6 C* mol dm?, [H'] =
2.0 x 10° mol dm™, D =75.10, T = 28 + 1°C and hmax = 450 nm

172



14 -

y =-0.4523x + 12.135
R?=0.9881

10 A

-1-1
S
00

3

10° k,, dm” mol

0 T T T T T T 1
0 2 4 6 8 10 12 14

10° [NO57, mol dm”
Figure 4.78: Plot of 10° k, versus 10° [NO37] for the redox reaction of [Mn(salphen)]*
and H,O, at [Mn(salphen)*] = 1.0 x 10 mol dm?, [H.O,] = 0.15 mol

dm, p=0.2C?>mol dm? [H]=2.0 x 10° mol dm® D=76.82, T=30 +
1°C and hmax = 450 nm
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Figure 4.79: Plot of k, versus [HCOO] for the redox reaction of [Mn(salphen)]* and
H,O, at [Mn(salphen)*] = 1.0 x 10* mol dm?, [H,O,] = 0.15 mol dm™,
in=0.2C?>mol dm® [H]1=20x10°mol dm® D=76.82, T=30+1C
and Amax = 450 nm
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Figure 4.80: Plot of 10° k, versus 10° [SO,*] for the redox reaction of [Mn(salphen)]*
and S(CH,CH.OH), at [Mn(salphen)] = 1.0 x 10* mol dm?,
[S(CH,CH,0H),] = 0.40 mol dm™, p = 0.6 C?> mol dm?, [H*] = 2.0 x 10°
mol dm™, D = 66.60, T =50 £ 1'C and Amax = 450 nm
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Figure 4.81: Plot of 10° k, versus 10° [HCOO7] for the redox reaction of
[Mn(salphen)]* and S(CH,CH,OH), at [Mn(salphen)*] = 1.0 x 10 mol
dm, [S(CH,CH,0H),] = 0.40 mol dm™, p = 0.6 C?> mol dm™, [H*] = 2.0
x 10° mol dm™, D = 66.60, T =50 + 1'C and hmax = 450 nm
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Table 4.45: Temperature dependent rate constants and activation parameters for
the reaction of [Fe(salphen)]” and TSH at [Fe(salphen)'] = 2.0 x 10™
mol dm?, [TSH] = 0.15 mol dm™®, u = 0.2 C* mol dm™®, D = 76.88 and
Amax = 435 nm

T, K 10 ky, s™ 10% ky, dm* mol ™ !

299 2.16 1.44

303 2.37 1.58

307 2.56 1.71

311 2.95 1.97

315 3.09 2.06

AH = +15.792 kI mol™?, AS'=-227.393 J mol* K*,

E,= +18.344 kJ mol™

AG' = +83.783 kJ mol™ at 299K,
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Table 4.46: Temperature dependent rate constants and activation parameters for
the reaction of [Fe(salphen)]* and H,C,O, at [Fe(salphen)*]=2.0 x 10™
mol dm™, [H,C,04] = 6.0 x 10°® mol dm™, p = 0.2 C* mol dm®, D =
76.06 and Amax = 435 Nnm

T, K 10° ky, s™ 10 ko, dm® mol™* s

299 4.29 7.15

303 4.46 7.57

307 4.94 8.23

311 5.45 9.08

315 8.23 10.15

AH' = +14.693 kI mol™®, AS'=-198.756 Jmol* K*, AG'=+74.121 kJ mol™*at 299K,

E,= +17.224 kJ mol™
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Table 4.47: Temperature dependent rate constants and activation parameters for
the reaction of [Fe(salphen)]* and H3PO; at [Fe(salphen)*] = 2.0 x 10™
mol dm?, [HsPO,] = 0.13 mol dm™, u = 0.2 C>* mol dm™, D = 76.68 and

Amax = 435 nm
T, K 10° kq, s 107 ky, dm® mol™ s*
299 2.90 2.23
303 3.71 2.85
307 4.17 3.21
311 5.21 4.01
315 6.93 5.33

AH = +38.152 kI mol™, AS'=-149.02J mol* K, AG'=+82.71 k] mol™at 299K,

E, = +40.704 kJ mol™
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Table 4.48: Temperature dependent rate constants and activation parameters for
the reaction of [Fe(salphen)]” and H,O, at [Fe(salphen)] = 1.0 x 10™
mol dm, [H,0,] = 0.42 mol dm™, [H"] = 2.0 x 10° mol dm™, pu = 0.6 C*
mol dm™, D = 78.12 and Amax = 435 Nm

T, K 10" kq, s 10" ky, dm® mol™ s

301 2.15 5.12

305 3.00 7.14

307 3.59 8.55

311 4,58 10.90

315 5.70 13.57

AH'=+52.2kImol™,  AS' =-134 Jmol* K™, AG'=+92.5 ki mol ™ at 301K,

E,= +54.7 kJ mol*
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Table 4.49: Temperature dependent rate constants and activation parameters for

the reaction of [Mn(salphen)]* and H,0, at [Mn(salphen)] = 1.0 x 10™
mol dm?, [H,0,] = 0.15 mol dm™, p= 0.2 C* mol dm™, [H] = 2.0 x 10™ mol
dm™, D = 76.82 and hmax = 450 nm

T, K 10°ky, ™ 10° ko, dm® mol ™ s™

303 1.87 1.25

307 2.20 1.47

309 2.46 1.64

311 2.76 1.84

315 3.16 2.12

AH =+33.36 kI mol?, AS'=-171.43Jmol*K*  AG'=+85.30 kJ mol™at 303K,

E,= +35.88 kJ mol*
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Table 4.50: Temperature dependent rate constants and activation parameters for
the reaction of [Mn(salphen)]* and TSH at [Mn(salphen)*] = 1.0 x 10™
mol dm?, [TSH] = 0.42 mol dm™®, u = 0.6 C* mol dm™®, D = 77.98 and
Amax =450 nm

T, K 10" ky, ™ 10° ky, dm*> mol ™ !

305 6.87 1.64

308 9.14 2.18

311 10.25 2.44

315 12.52 2.98

318 14.23 3.39

AH' = +40.58 kJ mol ™,

E,= +43.12 kJ mol*

AS' =-164.40 J mol* K,

AG' = +90.72 kJ mol™ at 305K,
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Table 4.51: Temperature dependent rate constants and activation parameters for
the reaction of [Mn(salphen)]” and RSH at [Mn(salphen)*] = 1.0 x 10™
mol dm, [RSH] = 0.40 mol dm™, p = 0.6 C*> mol dm™, [H"] = 4.0 x 10°
mol dm™, D = 78.19 and Amax = 450 nm

T, K 10° kq, s 10° ky, dm® mol™ s
301 5.07 1.27
303 5.57 1.39
307 6.15 1.54
311 7.35 1.84
315 8.24 2.06

AH =+243kJmol?, AS'=-2005Jmol*K? ~ AG'=+84.7 k mol™at 301K,

E,= +26.8 kJ mol*
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Table 4.52: Temperature dependent rate constants and activation parameters for
the reaction of [Mn(salphen)]” and SCN™ at [Mn(salphen)*] = 1.0 x 10°
*mol dm™, [SCN] = 0.42 mol dm™, u= 0.6 C* mol dm™, [H"] = 4.0 x 10°
> mol dm™, D = 78.12 and Amax = 450 nm

T, K 10" kq, s 10° ky, dm® mol™ s

301 6.47 1.54

303 7.65 1.82

307 8.81 2.10

311 10.36 2.47

315 12.46 2.97

AH' =+324kImol™,  AS =-191Jmol* K™, AG' = +90 kJ mol™ at 301K,

E,= +34.9 kJ mol*
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Table 4.53: Temperature dependent rate constants and activation parameters for
the reaction of [Mn(salphen)]” and H,NNHCSNH, at [Mn(salphen)™] =
1.0 x 10™ mol dm™, [H,NNHCSNH,] = 0.28 mol dm™, p = 0.6 C* mol
dm?, [H*] = 2.0 x 10”° mol dm™, D = 75.10 and Amax = 450 nm

T, K 10% kq, s 10° ky, dm® mol™ s
301 11.33 4.05
305 14.85 5.30
309 17.80 6.36
313 21.44 7.66
317 24.90 8.89

AH = +36.00 kI mol™?, AS'=-170.89 Jmol*K* ~ AG'=+87.44 kJ mol™* at 299K,

E,= +38.45 kJ mol*
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Table 4.54:

Temperature dependent rate constants and activation parameters for
the reaction of [Mn(salphen)]” and S(CH,CH,OH), at [Mn(salphen)’]
= 1.0 x 10™ mol dm, [S(CH,CH,0H),] = 0.40 mol dm™, pu = 0.6 C? mol
dm?, [H*] = 2.0 x 10”° mol dm™, D = 66.60 and Amayx = 450 nm

T, K 10" kq, s 10° k,, dm® mol™* s™
308 6.70 1.68
313 7.88 1.97
318 10.82 2.71
323 16.60 4.15
328 22.00 5.50

AH = +49.00 kJ mol 7,

E,= +52.39 kJ mol*

AS' =-137.6 I mol* K?,

AG' = +94.14 kJ mol™ at 323K,
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Figure 4.82: Plot of In(sz) versus (%) for the reaction of [Fe(salphen)]” and TSH at

[Fe(salphen)*] = 2.0 x 10 mol dm™, [TSH] = 0.15 mol dm™, p = 0.2 C?
mol dm™, D = 76.88 and Amax = 435 nm
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Figure 4.83: Plot of In(kf) Versus (%) for the reaction of [Fe(salphen)]” and H,C,0,

at [Fe(salphen)] = 2.0 x 10" mol dm, [H,C,0,] = 6.0 x 10 mol dm™,
W = 0.2 C*mol dm™, D = 76.06 and Amax = 435 nm
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Figure 4.84:
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R?=0.9787

Plot of In(sz) versus (%) for the reaction of [Fe(salphen)]” and H3PO; at

[Fe(salphen)'] = 2.0 x 10 mol dm?, [HsPO,] = 0.13 mol dm™, p= 0.2
C?mol dm™, D = 76.68 and Amax = 435 nm

189



In(k/T)

Figure 4.85:

UT, K

0.00317 0.00322 0.00327 0.00332 0.00337
-12.2 . . . '

-12.4 A

-12.6 A

-12.8 A

213 4
y =-6278.1x + 7.6104
R?=0.9899
-13.2 A
-13.4 -

Plot of In(kf) Versus (%) for the reaction of [Fe(salphen)]” and H,O, at

[Fe(salphen)*] = 1.0 x 10™ mol dm™, [H202] = 0.42 mol dm™, [H] = 2.0
% 10° mol dm™, pu = 0.6 C* mol dm™, D = 78.12 and Amax = 435 nm
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Plot of In(k—TZ) Versus (%) for the reaction of [Mn(salphen)]” and H,O, at

[Mn(salphen)*] = 1.0 x 10 mol dm™®, [H20] = 0.15 mol dm™, p = 0.2
C?mol dm™, D = 76.82 and Amax = 450 nm
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Figure 4.87: Plot of In(k—TZ) Versus (%) for the reaction of [Mn(salphen)]” and TSH at

[Mn(salphen)*] = 1.0 x 10™* mol dm™, [TSH] = 0.42 mol dm™, p= 0.6
C?mol dm™, D = 77.98 and Amax = 450 nm
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Figure 4.88: Plot of In(sz) versus (%) for the reaction of [Mn(salphen)]” and RSH at

[Mn(salphen)*] = 1.0 x 10 mol dm?, [RSH] = 0.40 mol dm™, p = 0.6
C?mol dm™, D = 78.19 and Ayax = 450 nm
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Figure 4.89: Plot of In(k—TZ) Versus (%) for the reaction of [Mn(salphen)]” and SCN" at

[Mn(salphen)*] = 1.0 x 10 mol dm™, [SCN] = 0.42 mol dm™, pu = 0.6
C?mol dm™, D = 78.12 and Amax = 450 Nnm
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Figure 4.90: Plot of In(%) versus (%) for the reaction of [Mn(salphen)]” and

H,NNHCSNH, at [Mn(salphen)] = 1.0 x 10* mol dm?
[H2NNHCSNH,] = 0.28 mol dm™, p = 0.6 C* mol dm™, D = 75.10 and
Amax = 450 nm
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Figure 4.91: Plot of In(k—TZ) Versus (%) for the reaction of [Mn(salphen)]” and

S(CH,CH,OH), at [Mn(salphen)] = 1.0 x 10% mol dm®
[S(CH,CH,0H),] = 0.40 mol dm™, p = 0.6 C* mol dm™, [H*] = 2.0 x 10°
mol dm™, D = 66.60 and Amax = 450 Nnm
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Plot for spectrophotometric test for the redox reaction of Fe(salphen)]”
and TSH at [Fe(salphen)] = 2.0 x 10™ mol dm™, [TSH] = 0.15 mol dm®,

L= 0.2C? mol dm® D=76.88 T =26+1C and Amax = 435 Nm
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Figure 4.93:
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Plot for spectrophotometric test for the redox reaction of Fe(salphen)]”
and H,C,0, at [Fe(salphen)’] = 2.0 x 10™ mol dm™, [H,C,04] = 6.0 x
10 mol dm™®, p = 0.2C? mol dm™ D=76.06, T =26+ 1 C and Amax =

435 nm
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Figure 4.94: Plot for spectrophotometric test for the redox reaction of [Fe(salphen)]”
and HsPO; at [Fe(salphen)’] = 2.0 x 10 mol dm™, [H3PO,] = 0.13 mol
dm3, pu=0.2C*>moldm™ D=76.68 T =26+1C and Amax = 435 NmM
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Figure 4.95: Plot for spectrophotometric test for the redox reaction of [Fe(salphen)]
and H,O, at [Fe(salphen)*] = 1.0 x 10 mol dm?, [H,0,] = 0.42 mol
dm3, p=0.6 C*mol dm™ [H']=2.0 x 10° moldm™ D=78.12, T=28 +
1°C and Amay = 435 nm
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Figure 4.96: Plot for spectrophotometric test for the redox reaction of
[Mn(salphen)]* and H,0, at [Mn(salphen)'] = 1.0 x 10* mol dm?,
[H,0,] =0.15 mol dm™, p = 0.2 C? mol dm™, [H*] = 2.0 x 10®° mol dm™,
D =76.82, T=30% 1'C and Amax = 450 nm
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Figure 4.97:
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Plot for spectrophotometric test for the vredox reaction of
[Mn(salphen)]* and TSH at [Mn(salphen)’] = 1.0 x 10®* mol dm?

[TSH] = 0.42 moldm™, p = 0.6 C>* mol dm® D=77.98, T=32+1C
and Amax = 450 nm
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Plot for spectrophotometric test for the redox reaction of
[Mn(salphen)]* and SCN™ at [Mn(salphen)’] = 1.0 x 10 mol dm?,
[SCNT =0.42 mol dm™, u=0.6 C> mol dm™, [H*]=4.0 x 10®° mol dm’
3,D=78.12, T =28 % 1'C and Amax = 450 nm
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Figure 4.99: Plot for spectrophotometric test for the redox reaction of
[Mn(salphen)]* and H,NNHCSNH, at [Mn(salphen)*] = 1.0 x 10 mol
dm, [H;NNHCSNH,] = 0. 28 mol dm™, p = 0.6 C*> mol dm™, [H*] = 2.0
x 10° mol dm™®, D = 75.10, T = 28 + 1'C and Ama = 450 nm
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Figure 4.100: Plot for spectrophotometric test for the redox reaction of
[Mn(salphen)]* and S(CH,CH,0OH), at [Mn(salphen)] = 1.0 x 10* mol
dm, [S(CH,CH,0H),] = 0.40 mol dm™, p = 0.6 C?> mol dm™, [H*] = 2.0
x 10° mol dm™, D = 66.60, T =50 + 1'C and hmax = 450 nm
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Figure 4.101: Plot for spectrophotometric test for the redox reaction of
[Mn(salphen)]* and RSH at [Mn(salphen)] = 1.0 x 10* mol dm?,
[RSH] = 0.40 mol dm™, p = 0.6 C* mol dm® D=7819, T=28+1C
and Amax = 450 nm
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T =26 +1C and Ama = 435 Nm
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=76.06, T =26+ 1°C and Amax = 435 NmM

208



500 -
y =43.913x
R?=0.9943

450 A
400 A

350 A

300 A

1/k1, S
g

200 A

150 A

100 A

50 A

1/[HsPO,], dm® mol™

Figure 4.104: Michaelis-Menten plot for the redox reaction of [Fe(salphen)]” and
HsPO, at [Fe(salphen)] = 2.0 x 10 mol dm™, p= 0.2 C* mol dm?® D =

76.68, T =26 + 1'C and Amax = 435 Nm
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Figure 4.105: Michaelis-Menten plot for the redox reaction of [Mn(salphen)]” and
TSH at [Mn(salphen)*] = 1.0 x 10* mol dm™, p = 0.6 C* mol dm>, D =

77.98, T =32+ 1'C and Amax = 450 Nm
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Figure 4.106: Michaelis-Menten plot for the redox reaction of [Mn(salphen)]” and
RSH at [Mn(salphen)*] = 1.0 x 10 mol dm™, p = 0.6 C*> mol dm™, D =

78.19, T = 28 + 1°C and Ay = 450 nm
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Figure 4.107: Michaelis-Menten plot for the redox reaction of [Mn(salphen)]” and
SCN" at [Mn(salphen)] = 1.0 x 10* mol dm™, u = 0.6 C*> mol dm?, [H']
= 4.0 x 10° mol dm™®, D =78.12, T = 28 + 1'C and Amax = 450 nm
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Figure 4.108: Michaelis-Menten plot for the redox reaction of [Mn(salphen)]” and
H,NNHCSNH, at [Mn(salphen)*] = 1.0 x 10* mol dm™, u = 0.6 C* mol
dm?, [H*] = 2.0 x 10° mol dm™, D = 75.10, T = 28 + 1'C and Amax = 450
nm

213



900 -~

y = 238.86x

R?=0.9936
800 -+

700 4

600 +

1/k1,5

500 4

400 A

300 A

200 +

100 A

O T T T T T T T 1
0 0.5 1 1.5 2 2.5 3 3.5 4

1/[S(CH,CH,0H),], dm® mol™

Figure 4.109: Michaelis-Menten plot for the redox reaction of [Mn(salphen)]” and
S(CH,CH-OH), at [Mn(salphen)*] = 1.0 x 10* mol dm™, p = 0.6 C*> mol
dm?, [H*] = 2.0 x 10° mol dm™, D = 66.60, T = 50 + 1°C and Amax = 450
nm
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Figure 4.110: Michaelis-Menten plot for the redox reaction of [Fe(salphen)]” and
H,0, at [Fe(salphen)] = 1.0 x 10* mol dm™, u = 0.6 C?> mol dm™, [H']
=2.0 x 10° mol dm™® D =78.12, T = 28 + 1'C and Ama = 435 nm
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Figure 4.111: Michaelis-Menten plot for the redox reaction of [Mn(salphen)]” and
H,O, at [Mn(salphen)*] = 1.0 x 10 mol dm™®, u= 0.2 C*> mol dm™, [H'] = 2.0
x 10° mol dm™, D = 76.82, T = 30 £ 1'C and hmax = 450 nm
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4.10 Free radicals

Addition of acrylamide, a known radical scavenger to the reaction mixtures in
excess methanol produced a gelatinous precipitate in the reactions of TSH, HzPO, and
H,O, with [Fe(salphen)]” and in H,O, TSH, RSH, SCN, H,NNHCSNH, and
S(CH,CH,0H), reactions with [Mn(salphen)]”, while no gel was observed in the reaction
of H,C,0, with [Fe(salphen)]".

4.11 Effect of Surfactants on the Reactions Rate
4.11.1 Critical micelle concentration

The variation of specific conductance (k, uS/cm) with surfactant concentrations
([Sf]) (where Sf = SDS or CTAB) are presented in Table 4.55 (where ki, ky and ks =
specific conductance of SDS in (i) water; (ii) H,O/DMSO (4:1), 0.6 mol dm™ NaCl and 1.0
x 10 mol dm™ [Fe(salphen)]" and (iii) H,O/DMSO (4:1), 0.6 mol dm™ NaCl and 1.0 x
10" mol dm™ [Mn(salphen)]" respectively, ks, ks, and ke = specific conductance of CTAB
in (i) water; (ii) H,O/DMSO (4:1), 0.6 mol dm® NaCl and 1.0 x 10* mol dm?®
[Fe(salphen)]*; and (iii) H,O/DMSO (4:1), 0.6 mol dm™ NaCl and 1.0 x 10* mol dm?
[Mn(salphen)]” respectively).

The CMCs of SDS determined from the plots of specific conductance (k, pS/cm)
against [S{] in the various media as described (i — iii) are 8.0 x 102, 3.3 x 102 and 2.8 x
10" mol dm™ respectively (Figures 4.112 — 4.114) while that of CTAB are 2.0 x 1073, 2.8 x
102 and 4.0 x 10 mol dm™ respectively (Figures 4.115 — 4.117).

4.11.2 Influence of surfactants on the reactions rate
Increasing SDS concentrations catalysed the reactions of TSH (Table 4.56) and

H,C,0, with [Fe(salphen)]” (Table 4.57), the reactions of TSH (Table 4.58), SCN™ (Table
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4.59) and S(CH,CH,OH), (Table 4.60) with [Mn(salphen)]®, while it inhibited

reaction

the

Table 4.55: Variation of specific conductance of surfactant with surfactant concentration

10714, Ki, uS/cm Ky, uS/em k3, uS/cm kg, uS/cm - ks, uS/cm kg, uS/cm
mol dm™

0.00 - - 28110 - - 27510
1.00 - - 28150 - - 27590
2.00 85.74 8131 28190 38.13 8165 27670
4.00 101.00 8135 28160 65.26 8244 27810
6.00 112.10 8117 28140 86.34 8284 27780
8.00 126.70 8132 28110 112.78 8292 27740
10.00 136.00 8160 28090 135.32 8288 27710
12.00 140.30 8143 28100 152.80 8273 27670
14.00 157.60 8157 28030 169.45 8230 27660
16.00 166.00 8193 28030 186.50 8272 27620
18.00 176.00 8211 28000 213.50 8350 27620
20.00 183.10 8286 27940 233.50 8380 27600
24.00 200.40 8281 27940 243.00 8395 27490
28.00 223.90 8285 27860 250.20 8370 27470
32.00 234.00 8295 27750 262.00 8394 27420
36.00 268.60 8329 27710 269.20 8395 27360
40.00 288.60 8280 27620 278.30 8390 27300
44.00 304.00 8252 27540 285.00 8393 27240
48.00 326.40 8260 27480 288.50 8320 27180
52.00 343.20 8264 27400 298.00 8302 27120
56.00 357.60 8252 27300 306.10 8286 27070
60.00 374.00 8240 27260 314.50 8281 26980
80.00 474.70 8203 27140 346.00 8250 26640
100.00 503.80 8141 26960 382.80 8220 26360
140.00 604.30 8041 26630 443.10 8106 26000
200.00 726.40 7893 25900 535.10 7880 25480
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Figure 4.112: Plot of specific conductance against [SDS] in water
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Figure 4.114: Plot of specific conductance against [SDS] in H,O/DMSO (4:1), 0.6 mol
dm™ NaCl and 1 x 10 mol dm™ [Mn(salphen)]*
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Figure 4.116: Plot of specific conductance against [CTAB] in H,O/DMSO (4:1), 0.6
mol dm™ NaCl and 1 x 10 mol dm [Fe(salphen)]*
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Figure 4.117: Plot of specific conductance against [CTAB] in H,O/DMSO (4:1), 0.6
mol dm™ NaCl and 1 x 10 mol dm™ [Mn(salphen)]*
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Table 4.56: Surfactant dependent rate constants and Piszkiewicz parameters for the
reaction of [Fe(salphen)]” and TSH at [Fe(salphen)'] = 2.0 x 10" mol
dm?, [TSH] = 0.15moldm™, p = 0.2 C*mol dm™® D =76.88, T =26
+ 1°C and Amax = 435 Nm

[S] 10°[Sf],  10°ks,  10° Ky exps 10° Ky can, Ky/ko
moldm®  s? dm?® mol? s dm?® mol? s

[SDS]  0.00 2.13 1.42 1.42 1.00
1.00 2.18 1.45 1.46 1.02
2.00 2.25 1.52 1.51 1.07
3.00 2.35 1.57 1.57 1.11
4.00 2.42 1.61 1.62 1.13
5.00 2.51 1.67 1.66 1.18
6.00 2.55 1.70 1.71 1.20
7.00 2.63 1.75 1.75 1.23

km=2.54 x 10°dm> mol*s?,  Kp=2.09 x 10™ mol dm?,

n=122 K =4.78 x 10* dm*mol™

[Si] 10°[Sf],  10°ks,  10° Ky exps 107 K cal, k/k,
mol dm= s dm?® mol™? s dm?® mol™? s

[CTAB] 0.00 2.13 1.42 1.42 1.00
1.00 2.15 1.43 1.45 1.01
2.00 2.22 1.48 1.50 1.04
3.00 2.31 1.54 1.55 1.08
4.00 2.36 1.57 1.59 1.11
5.00 2.49 1.66 1.64 1.17
6.00 2.52 1.68 1.69 1.18
7.00 2.58 1.72 1.74 1.21

km=3.02 x 102dm®mol?s?,  Kp=2.20 x 10° mol dm~,

n=127, K =4.55 x 10* dm*mol*
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Table 4.57:  Surfactant dependent rate constants and Piszkiewicz parameters for the
reaction of [Fe(salphen)]* and H,C,0, at [Fe(salphen)] = 2.0 x 10™
mol dm™, [H,C,04] = 6.0 x 10°® mol dm™, p = 0.2 C* mol dm®, D =
76.06, T =26 £ 1°C and Amax = 435 Nm

[S] 10°[S],  10°Ki, 10 K exp, 10 Ky can, ky/k,
moldm?® s* dm?® mol? s dm® mol™ s*

[SDS] 0.00 4.26 7.10 7.10 1.00
1.00 4.32 7.20 7.33 1.01
2.00 4.57 7.62 7.69 1.07
3.00 4.89 8.15 8.04 1.15
4.00 5.01 8.35 8.34 1.18
5.00 5.16 8.60 8.57 1.21
6.00 5.25 8.75 8.75 1.23
7.00 5.31 8.85 8.90 1.25

km=971x 10 dm®*mol?s?,  Kp=9.24 x 10® mol dm~,

n =161, K =1.08 x 10" dm*mol™

[S] 10°[Sf],  10°Ky, 10 K exp, 10 Ky can, ke/k,
moldm® s* dm?® mol? s dm?® mol? s

[CTAB] 0.00 426 7.0 7.10 1.00
1.00 4.28 7.13 7.32 1.00
2.00 4.48 1.47 7.75 1.05
3.00 4.81 8.02 8.21 1.13
4.00 5.14 8.57 8.64 1.21
5.00 5.37 8.95 9.01 1.26
6.00 5.52 9.20 9.32 1.30
7.00 571 9.52 9.56 1.34

Km = 1.10 dm® mol™ s, Kp = 4.01 x 10° mol dm”,

n=172, K =2.49 x 10" dm*mol™
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Table 4.58: Surfactant dependent rate constants and Piszkiewicz parameters for the
reaction of [Mn(salphen)]* and TSH at [Mn(salphen)’] = 1.0 x 10™
mol dm™, [TSH] = 0.42 mol dm™ p = 0.6 C* mol dm™ D =77.98, T =32
+ 1 C and Amax = 450 nm
[S] 10°[Sq],  10%kq, 10% Ky exp, 10° Ky can, Ky/ko
mol dm® s dm® mol™t s dm?® mol* s

[SDS] 0.00 6.79 1.62 1.62 1.00
1.00 7.48 1.78 1.79 1.10
2.00 8.22 1.96 1.94 1.21
3.00 8.84 2.11 2.08 1.30
4.00 9.03 2.15 2.21 1.33
5.00 0.88 2.35 2.33 1.45
6.00 10.30 2.45 2.45 151
Km = 1.63 x 10” dm® mol™s™, Kp = 2.94 x 10 mol dm”~,
n =0.889, K =3.40 x 10° dm®mol™
[S{] 10°[S{],  10%kj, 10° Ky exp, dM®  10° Ky a1, dM° kw/k;
mol dm® s mol™ s? mol* s

[CTAB] 0.00 6.79 1.62 1.62 1.00
1.00 6.84 1.63 1.69 1.01
2.00 7.53 1.79 1.79 1.11
3.00 7.99 1.90 1.89 1.17
4.00 8.61 2.05 2.00 1.27
5.00 8.77 2.09 2.11 1.29
6.00 9.33 2.22 2.23 1.37

Km=4.19 x 102 dm° mol™ s,

n=1.17,

Kp=7.12 x 10™* mol dm~,
K =1.41 x 10° dm®mol™

227



Table 4.59: Surfactant dependent rate constants and Piszkiewicz parameters for the
reaction of [Mn(salphen)]* and SCN at [Mn(salphen)*] = 1.0 x 10™
mol dm™, [SCN] = 0.42 mol dm™, p= 0.6 C* mol dm™, [H"] = 4.0 x 10°
mol dm™, D =78.12, T = 28 + 1'C and Amax = 450 nm

[S] 10° [S1], 10°K;,  10° Ky exp, 10° Ky can, ky/k,
mol dm?® st dm?® mol™? s dm?® mol™? s

[SDS] 0.00 6.47 1.54 1.54 1.00
1.00 7.37 1.76 1.69 1.14
2.00 7.83 1.86 1.91 1.21
3.00 8.98 2.14 2.15 1.39
4.00 9.90 2.36 2.41 1.53
5.00 11.75 2.80 2.68 1.82
6.00 12.21 2.91 2.96 1.89
7.00 13.59 3.24 3.24 2.10

Km = 1.50 x 10 dm® mol™* s, Kp =251 x 10° mol dm,

n=131, K =3.98 x 10* dm®*mol™

[S] 10° [S1], 10°K;, 10 Ky exp, 10° Ky can, Ko/ky
mol dm?® st dm?® molt s dm?® molt s

[CTAB] 0.00 6.47 1.54 1.54 1.00
1.00 5.30 1.26 1.06 1.22
2.00 3.22 0.77 0.79 2.01
3.00 2.30 0.55 0.64 2.81
4.00 2.14 0.51 0.54 3.02
5.00 1.89 0.45 0.48 3.42
6.00 1.77 0.42 0.44 3.65

Km=2.06 x 10* dm® mol™ s, Kp = 1.76 x 10° mol dm™,

n = 1.20, K =5.68 x 10° dm®*mol™
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Table 4.60: Surfactant dependent rate constants and Piszkiewicz parameters for the
reaction of [Mn(salphen)]” and S(CH,CH,OH), at [Mn(salphen)’] =
1.0 x 10™ mol dm™, [S(CH,CH,0H),] = 0.40 mol dm™, p = 0.6 C? mol
dm?, [H*] = 2.0 x 10° mol dm™, D = 66.60, T = 50 + 1°C and Amax = 450
nm
[St] 10° [S4], 10°K;,  10° Ky exp, 10° Ky cal, kw/ko
mol dm?® st dm®*molts?  dm®mol?s?
[SDS] 0.00 16.60 4.15 4.15 1.00
5.00 17.20 4.30 4.44 1.04
7.00 18.30 458 452 1.10
10.00 18.90 473 4.63 1.14
20.00 20.40 5.10 4.92 1.23
40.00 20.80 5.20 5.35 1.25
60.00 22.30 5.58 5.67 1.34
80.00 22.80 5.70 5.93 1.37
100.00 25.50 6.38 6.14 1.54
200.00 27.80 6.95 6.85 1.67
400.00 30.00 7.50 7.56 1.81
km=9.51 x 10° dm® mol™* s, Kp = 7.62 x 10° mol dm,
n=0.78, K =1.31 x 10° dm*mol™
[Si] 10° [S4, 10°ky,  10°Kwexp, dM® 10°Kwea, dM® Kok
moldm® st mol™ st mol™ st
[CTAB] 0.00 16.60 4.15 4.15 1.00
5.00 15.80 3.95 3.59 1.05
7.00 14.20 3.55 3.40 1.17
10.00 12.30 3.08 3.15 1.35
20.00 9.51 2.38 2.62 1.75
40.00 8.31 2.08 2.14 2.00
60.00 7.78 1.95 1.92 2.13
80.00 7.30 1.83 1.80 2.27
Km=1.43 x 10 dm® mol™ s7, Kp = 4.53 x 10™ mol dm,
n=1.15, K =2.21 x 10* dm®*mol™
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of H,0, with [Fe(salphen)]” (Table 4.61), H,O, (Table 4.62) and RSH (Table 4.63)
reactions with [Mn(salphen)]".

As for CTAB, increase in its concentration catalysed the reactions of TSH (Table
4.56) and H,C,0, (Table 4.57) with [Fe(salphen)]” as well as the reactions of H,O, (Table
4.62) and TSH (Table 4.58) with [Mn(salphen)]” but inhibited the reaction of H,O,
with [Fe(salphen)]” (Table 4.61) and the reactions of SCN™ (Table 4.59), S(CH,CH,OH);
(Table 4.60) and RSH (Table 4.63) with [Mn(salphen)]".

The second order rate constants in the presence of surfactants, ky.x,, Were fitted into
the Piszkiewicz equation (Piszkiewicz, 1977) and Ky, (Where ky., = calculated second
order rate constants in the presence of surfactants) were determined. The catalytic factor,
Kwexp/Kw, OF inhibition factor, kw/kyexp,, Were also determined and the results are presented in
Tables 4.56 — 4.63. Plots of ky against [S¢] fitted into the Piszkiewicz’s equation are

presented in Figures 4.118 — 4.133.
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Table 4.61: Surfactant dependent rate constants and Piszkiewicz parameters for the
reaction of [Fe(salphen)]* and H,O, at [Fe(salphen)"] = 1.0 x 10™* mol
dm?, [H,0,] = 0.42 mol dm™, u = 0.6 C*> mol dm™, [H*] = 2.0 x 10™ mol
dm™, D =78.12, T =28+ 1°C and hmax = 435 nm

[St] 10°[Sf],  10%ki, 10" Kwexps 10" K cal, Kolky
mol dm® s* dm?® mol™? s dm?® mol™? s

[SDS]  0.00 2.14 5.10 5.10 1.00
2.00 2.12 5.05 4.99 1.01
4.00 2.05 4.88 4.88 1.04
6.00 1.98 4.71 4.77 1.08
10.00 1.87 4.45 4.57 1.15
20.00 1.77 4.21 4.17 1.21
40.00 1.66 3.95 3.70 1.29
60.00 1.57 3.74 3.44 1.36
80.00 1.43 3.40 3.28 1.50
100.00 1.31 3.12 3.17 1.64

km=268 x 10*dm®*mol?s?,  Kp=9.19 x 10° mol dm~,

n=1.15, K =1.09 x 10* dm®*mol™

[S] 10°[S], 10°ks, 10" Ky exp, 10% Ky can, Kolky
mol dm?® 7 dm?® mol?s? dm?® mol? s

[CTAB] 0.00 2.14 5.10 5.10 1.00
2.00 2.07 4.93 5.04 1.03
4.00 2.05 4.88 4.94 1.04
6.00 2.00 4.76 4.82 1.07
10.00 1.93 4.60 4.56 1.11
20.00 1.68 4.00 4.05 1.28
40.00 1.54 3.67 3.54 1.39
60.00 1.38 3.29 3.33 1.55
80.00 1.27 3.02 3.22 1.69
100.00 1.20 2.86 3.17 1.79

m=3.01x10* dm®*mol?s?, Kp=1.76 x 10° mol dm™,
n =156, K =5.68 x 10° dm*mol™
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Table 4.62:  Surfactant dependent rate constants and Piszkiewicz parameters for the
reaction of [Mn(salphen)]* and H,O, at [Mn(salphen)’] = 1.0 x 10™
mol dm, [H,0,] = 0.15 mol dm™, p= 0.2 C* mol dm?, [H"] = 2.0 x 10°
mol dm™, D =76.82, T =30 + 1'C and Amax = 450 nm

[S] 10°[Sf],  10°ki,  10° Kwexps 10° Ky can, Ko/ky
mol dm® s* dm®*molts?  dm®mol?s?

[SDS]  0.00 1.863 1.242 1.242 1.00
1.00 1.640 1.093 1.042 1.14
2.00 1.270 0.846 0.849 1.47
3.00 1.016 0.677 0.704 1.83
4.00 0.912 0.608 0.597 2.04
5.00 0.785 0.523 0.517 2.37
6.00 0.698 0.465 0.456 2.67
7.00 0.569 0.379 0.409 3.27

km=1.00 x 10°dm®mol?s?,  Kp=1.37 x 10® mol dm~,

n=131, K =7.35 x 10° dm*mol™

[S] 10°[Sf],  10°ki,  10° Ky exps 10° Ky can, ke/k,
mol dm® s* dm®molts?  dm®molts?

[CTAB] 0.00 1.86 1.24 1.24 1.00
1.00 1.96 1.31 1.32 1.05
2.00 2.06 1.37 1.46 1.11
3.00 2.20 1.47 1.64 1.18
4.00 2.59 1.73 1.83 1.39
5.00 3.07 2.05 2.03 1.65
6.00 3.52 2.35 2.24 1.89
7.00 3.71 2.47 2.44 1.99

Km=6.00 x 107 dm® mol*s?, Kp=1.08 x 10° mol dm?,

n = 1.55, K =9.26 x 10° dm®*mol™
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Table 4.63:  Surfactant dependent rate constants and Piszkiewicz parameters for the
reaction of [Mn(salphen)]” and RSH at [Mn(salphen)*] = 1.0 x 10™
mol dm, [RSH] = 0.40 mol dm™, p = 0.6 C*> mol dm™, [H"] = 4.0 x 10°
mol dm™, D =78.19, T = 28 + 1'C and Amax = 450 nm

[S] 10° [S1], 10°K;,  10° K exp, 10° Ky can, Ko/ky
mol dm™ st dm® mol™? s dm® mol™? s

[SDS]  0.00 5.08 1.27 1.27 1.00
1.00 4.96 1.24 1.23 1.02
2.00 4.80 1.20 1.15 1.06
3.00 4.53 1.13 1.05 1.12
4.00 3.76 0.94 0.94 1.35
5.00 3.24 0.81 0.84 1.57
6.00 2.65 0.663 0.75 1.92
8.00 2.63 0.658 0.61 1.93

Km = 2.00 x 10° dm® mol™* s, Kp=1.62 x 10° mol dm~,

n =1.85, K =6.17 x 10’ dm*mol*

[S] 10° [S1], 10°k;,  10° Ky exp, 10° Ky cal, Ko/ky
mol dm™ st dm® mol™s* dm® mol?s*

[CTAB] 0.00 5.08 1.27 1.27 1.00
1.00 4.86 1.21 1.20 1.05
2.00 4.08 1.02 1.09 1.25
3.00 4.05 1.01 0.96 1.25
4.00 3.52 0.88 0.86 1.44
5.00 2.92 0.73 0.76 1.74
6.00 2.58 0.65 0.69 1.97
8.00 2.56 0.64 0.59 1.98

Km=3.01 x 10 dm® mol™ s7, Kp =5.44 x 10 mol dm?,

n=1.68, K =1.84 x 10’ dm®*mol™
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Figure 4.118: Plot of k,, against [SDS] fitted into the Piszkiewicz’s equation for the
reaction of [Fe(salphen)]" and TSH at [Fe(salphen)*] = 2.0 x 10 mol
dm?, [TSH] = 0.15mol dm®, p = 0.2C’mol dm® D=76.88, T=26 +
1°C and Amax = 435 nm
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Figure 4.119: Plot of k,, against [CTAB] fitted into the Piszkiewicz’s equation for the
reaction of [Fe(salphen)]" and TSH at [Fe(salphen)] = 2.0 x 10 mol
dm?3, [TSH] = 0.15mol dm™, p = 0.2C?mol dm™> D=76.88, T=26+
1°C and Amay = 435 nm
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Figure 4.120: Plot of k,, against [SDS] fitted into the Piszkiewicz’s equation for the
reaction of [Fe(salphen)]* and H,C,0, at [Fe(salphen)] = 2.0 x 10™
mol dm?, [H,C,04] = 6.0 x 10 mol dm™®, p = 0.2 C> mol dm™ D =
76.06, T =26 = 1°C and Amax = 435 nm
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Figure 4.121: Plot of k,, against [CTAB] fitted into the Piszkiewicz’s equation for the
reaction of [Fe(salphen)]* and H,C,0, at [Fe(salphen)] = 2.0 x 10™
mol dm?, [H,C,04] = 6.0 x 10 mol dm™®, p = 0.2 C> mol dm™ D =
76.06, T =26 = 1°C and Amax = 435 nm
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Figure 4.122: Plot of k,, against [SDS] fitted into the Piszkiewicz’s equation for the
reaction of [Fe(salphen)]" and H,O, at [Fe(salphen)’] = 1.0 x 10 mol
dm?, [H,0,] = 0.42 mol dm™, p = 0.6 C*> mol dm™, [H*] = 2.0 x 10”° mol
dm?®, D =78.12, T =28 £ 1°C and Amax = 435 nm
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Figure 4.123: Plot of k,, against [CTAB] fitted into the Piszkiewicz’s equation for the
reaction of [Fe(salphen)]* and H,0O, at [Fe(salphen)] = 1.0 x 10 mol
dm?, [H,0,] = 0.42 mol dm™, p = 0.6 C*> mol dm™, [H*] = 2.0 x 10”° mol
dm™, D =78.12, T =28+ 1°C and hnay = 435 nm
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reaction of [Mn(salphen)]* and H,O, at [Mn(salphen)"] = 1.0 x 10™

mol dm, [H,0,] = 0.15 mol dm™, p = 0.2 C* mol dm?, [H"] = 2.0 x 10°
mol dm™ D =76.82, T =30 + 1°C and Amay = 450 nm
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Figure 4.125: Plot of k,, against [CTAB] fitted into the Piszkiewicz’s equation for the
reaction of [Mn(salphen)]* and H,0, at [Mn(salphen)’] = 1.0 x 10™
mol dm™, [H.0,] = 0.15 mol dm™, p= 0.2 C* mol dm™, [H] = 2.0 x 10°
mol dm™, D = 76.82, T = 30 £ 1'C and Amax = 450 nm
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Figure 4.126: Plot of k,, against [SDS] fitted into the Piszkiewicz’s equation for the
reaction of [Mn(salphen)]* and TSH at [Mn(salphen)"] = 1.0 x 10™
mol dm™, [TSH] = 0.42 mol dm™ p = 0.6 C*mol dm® D =77.98, T =32
+ 1°C and Amax = 450 nm
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Figure 4.127: Plot of k,, against [CTAB] fitted into the Piszkiewicz’s equation for the
reaction of [Mn(salphen)]* and TSH at [Mn(salphen)"] = 1.0 x 10™
mol dm™, [TSH] = 0.42 mol dm™ p = 0.6 C*mol dm® D =77.98, T =32
+ 1°C and Amax = 450 nm
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Figure 4.128: Plot of k,, against [SDS] fitted into the Piszkiewicz’s equation for the
reaction of [Mn(salphen)]* and RSH at [Mn(salphen)’] = 1.0 x 10™

mol dm™, [RSH] = 0.40 mol dm™, p = 0.6 C* mol dm?, [H*] = 4.0 x 10°
mol dm™3, D =78.19, T = 28 + 1'C and Amax = 450 nm
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Plot of k,, against [CTAB] fitted into the Piszkiewicz’s equation for the
reaction of [Mn(salphen)]* and RSH at [Mn(salphen)’] = 1.0 x 10™
mol dm, [RSH] = 0.40 mol dm™, p = 0.6 C*> mol dm™, [H"] = 4.0 x 10°
mol dm™, D =78.19, T = 28 + 1'C and Amax = 450 nm
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Figure 4.130: Plot of k,, against [SDS] fitted into the Piszkiewicz’s equation for the
reaction of [Mn(salphen)]* and SCN™ at [Mn(salphen)*] = 1.0 x 10™
mol dm™, [SCN] = 0.42 mol dm™, p= 0.6 C>* mol dm™, [H'] = 4.0 x 10°
mol dm™, D =78.12, T = 28 + 1'C and Amax = 450 nm
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Plot of k,, against [CTAB] fitted into the Piszkiewicz’s equation for the
reaction of [Mn(salphen)]" and SCN™ at [Mn(salphen)] = 1.0 x 10™
mol dm™, [SCN] = 0.42 mol dm™, p= 0.6 C* mol dm™, [H'] = 4.0 x 10°
mol dm™, D =78.12, T = 28 + 1'C and Amax = 450 nm
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Figure 4.132: Plot of k,, against [SDS] fitted into the Piszkiewicz’s equation for the
reaction of [Mn(salphen)]” and S(CH,CH,OH), at [Mn(salphen)’] =
1.0 x 10™* mol dm?, [S(CH,CH,0H),] = 0.40 mol dm™, p = 0.6 C*> mol
dm?, [H*] = 2.0 x 10° mol dm™, D = 66.60, T = 50 + 1°C and Amax = 450
nm
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Figure 4.133: Plot of k,, against [CTAB] fitted into the Piszkiewicz’s equation for the
reaction of [Mn(salphen)]” and S(CH,CH,OH), at [Mn(salphen)’] =
1.0 x 10™* mol dm?, [S(CH,CH,0H),] = 0.40 mol dm™, p = 0.6 C*> mol
dm?, [H*] = 2.0 x 10° mol dm™, D = 66.60, T = 50 + 1°C and Amax = 450
nm
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CHAPTER FIVE

5.0 DISCUSSION
5.1  Synthesis of [Fe(salphen)]” and [Mn(salphen)]” lons

The band observed at 3050 cm™ from the FTIR spectra of the ligand (Appendix 1)
was assigned to (v=C-H) stretching, whereas that observed at 1608 cm™ was assigned to
(vC=N) stretching which shifted to 1602 cm™ in [Fe(salphen)]" complex (Appendix I1) and
1604 cm™ in [Mn(salphen)]* complex (Appendix 111), an indication of complexation of the
imine group with the central metal ions. Similarly, the band observed at 1274 cm™ was
assigned to (vC-O) stretching in the ligand which shifted to 1197 cm™ in [Fe(salphen)]” and
1190 cm™ in [Mn(salphen)]*, indicating the involvement of the oxygen atom of the
carbonyl group of the ligand in complex formation (Ansari et al., 2009a; Ansari et al.,

2009b; Bashyal, 2013).

From the spectra of [Fe(salphen)]*, the band appearing at 536 cm™ was assigned to
(vFe-0) stretching while that at 475 cm™ was assigned to (vFe-N) stretching. Similarly,
from the spectra of [Mn(salphen)]*, the band at 539 cm™ was ascribed to (vMn-O)
stretching while that at 446 cm™ was ascribed to (vMn-N) stretching (Appendix Il and 111)

(Ansari et al., 2009a; Ansari et al., 2009b; Bashyal, 2013).

The UV-Vis spectrum of [Fe(salphen)]” showed a Amax at 435 nm while that of
[Mn(salphen)]” was at 450 nm. The observed molar conductivity of [Fe(salphen)]’, 145 S
cm? mol™, with specific conductance of 29.0 x 10° S cm™ and [Mn(salphen)]* with a
molar conductivity of 112 S cm? mol™ and specific conductance of 11.20 x 10° S cm™

are consistent with a 1:1 electrolyte (Ali et al., 2013). The existence of [Fe(salen)]” species
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in DMSO-H,0 (4:1 v/v) and CH3CN-H,0 (1:1 v/v) solvent systems have been reported

previously (Liou and Wang, 2000; Subramaniam et al., 2014).
5.2  Reactions of TSH with [Fe(salphen)]” and [Mn(salphen)]*

From the stoichiometric studies, the mole ratio of the reactions were found to be 1:1

(Figures 4.1 and 4.6) and is represented by equation 5.1.
2[M(salphen)]” + 2TSH —— 2[M(salphen)] + TSST + 2H" 5.1
where M = Fe or Mn

A similar stoichiometry of 1:1 has been reported in the reactions of [Co(ox)s]*
(Lawal et al., 1994), [Mn"'(cdta)]” (Gangopadhyay et al., 1994b), Ru,0* (Musa et al.,
1995), [IrClg]* (Sun and Stanbury, 2002), Fe,O*" (ldris et al., 2007) and Co"' superoxide
complex (Mandal et al., 2015) with TSH. However, in the reaction of TSH with
[Pt(CN).CL]* (Shi et al., 1996), a mole ratio of 2:1 (TSH with [Pt(CN)4Cl,]*) was
obtained. This is consistent with TSH being a 1 electron donor whereas Pt(IV) in the

complex accepts two 2 electrons donated by 2 TSH molecules and is reduced to Pt(11).

The test for the Fe®* product gave a brown precipitate of Fe,O3 as a result of the
KMnO, oxidation of the Fe?* complex that formed during the reduction of [Fe(salphen)]*
(Misfud, 2009). The appearance of a purple colour of MnO,, the oxidation product of Mn®*

by K10, shows the presence of Mn** product (Nazarenko, 2004).

The presence of TSST, the oxidation product of TSH, was confirmed according to
earlier published procedures (McAuley and Gomwalk, 1968; McAuley and Gomwalk,
1969). From the FTIR results, bands observed at 2916 cm™, 1679 cm™, 1257 cm™ and 562

cm™, were assigned to (vO-H), (vC=0), (vC-O) and (vS-S) stretching respectively for
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[Fe(salphen)]* reaction with TSH (Appendix 1V). Similarly, bands appearing at 2917 cm™,
1681 cm™, 1258 cm™ and 562 cm™ were assigned to (vO-H), (vC=0), (vC-O) and (vS-S)
stretching respectively for [Mn(salphen)]” reaction with TSH (Trofimov et al., 2009)
(Appendix V). This result supports the formation of HOOCCH,S-SCH,COOH as the

organic product of TSH oxidation.

The results obtained from the plots of log(A-A.) against time, t, (Figures 4.11 and
4.16) indicated first order dependence in [M(salphen)*]. The reactions order with respect to
[TSH] were determined by plotting log k; against log [TSH] and the gradient of the linear
graphs obtained were 0.98 for TSH - [Fe(salphen)]” and 0.99 for TSH - [Mn(salphen)]”
reactions (Figures 4.21 and 4.26) indicating first order dependence in [TSH]. The values of
second order rate constants, k, were fairly constant (Tables 4.1 and 4.6), a confirmation that
the reaction is second order overall. The rate equation for the reactions can be represented

by equation 5.2.

—d[M(salphen)*]
dt

= ky[M(salphen)][TSH] 5.2
where M = Fe** or Mn®*
ko = 1.42 +0.02 x 10 dm® mol™ s™ for [Fe(salphen)]* reaction

= 1.62 +0.02 x 10° dm® mol™ s* for [Mn(salphen)]* reaction

The observed first order dependence in [TSH] is similar to reported results in the
redox reactions of TSH with [Mn"'(cdta)] (Gangopadhyay et al., 1994b), trans-
[Pt(CN).CI,]* (Shi et al., 1996), [IrClg]> (Sun and Stanbury, 2002), 105" (Ukoha and

Ibrahim, 2004) and Co"' superoxide complex (Mandal et al., 2015). However, a zero order
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dependence in [TSH] has also been reported in the reaction of Fe,0* with TSH (ldris et

al., 2007).

The reaction rates were independent of [H*] as shown in Tables 4.11 and 4.12,
suggesting that the undissociated thioglycolic acid, HSCH,COOH is involved in the
reaction. Similar acid dependence has been established in the reaction of Fe,O* with TSH
(Idris et al., 2007). However, acid catalysis was reported in the reaction of trans-
[Pt(CN)4Cl,]* with TSH (Shi et al., 1996) while an inverse acid dependence was observed

for Co""' superoxide complex reaction with TSH (Mandal et al., 2015).

Results from Tables 4.1 and 4.6 show that changes in ionic strength of the reaction
medium had no effect on the reaction rate indicating zero Brgnsted — Debye salt effect.
Similar effect has been reported in the reaction of TSH and Fe,0** (Idris et al., 2007). This
implies that the activated complex is formed from reactants of charged ion ([M(salphen)]")
and uncharged molecule (TSH) (Atkins and de Paula, 2018). This assertion was supported
from the negligible effect on the reaction rate observed from changing the dielectric

constants of the reaction medium (Tables 4.15 and 4.19).

Increase in concentrations of added ions (Mg?*, Ca**, HCOO", CHsCOO" and NO3)
catalysed the reactions (Tables 4.26, 4.29, 4.36 and 4.39). Previous investigation has shown
reaction involving the ion, ([M(salphen)]”) and dipole molecules (TSH) to be catalysed by
added ions as observed in the reaction of [Fe(salen)]” with thiodiglycolic acid
(Subramaniam et al., 2014). This catalytic effect is consistent with a reaction occurring

through an outer-sphere pathway of electron transfer.
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From the Eyring’s plot of ln(%) Versus (%) (Figures 4.82 and 4.87)

thermodynamic parameters were calculated and results are presented in Tables 4.45 and
4.50. The negative value of AS'" and positive AH' shows that the species in the activated
complex is more ordered, indicative of an associatively activated process (Ukoha et al.,
2010) and that the transition state is highly solvated (Katre et al., 2012), suggesting bond
formation during the process of activation.

There was no shift in Ama at 435 nm for [Fe(salphen)]” and 450 nm for

[Mn(salphen)]” when the spectra of the reaction mixtures were compared with that of the

_r
[TSH]

complexes alone (Figures 4.92 and 4.97) and the Michaelis-Menten plots of kilversus
were linear with zero intercept. These two pieces of evidences support lack of formation of
intermediate complex.

Addition of solution of acrylamide radical scavenger, to the partially reacted
reaction mixture in the presence of large excess of methanol gave a gelatinous precipitate,
indicating the involvement of free radicals in the reaction (Sun and Stanbury, 2002; Mandal
etal., 2015).

On the basis of the results obtained from the investigation, the following reaction

scheme is proposed for this reaction:

[M(salphen)]” + TSH —Xap  [M(salphen)-TSH]* 5.3
[M(salphen)-TSH]* fi;vr [M(salphen)] + TS + H 5.4
[M(salphen)]’ + TSH—S» [M(salphen)] + TS' + H' 55
TS + TS —Ksp TSST 5.6
Rate = k4 [M(salphen)-TSH]®  + ks [M(salphen)][TSH] 5.7
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Applying steady state approximation;

—d[Msalphen-TSH*
dt

I = ks [M(salphen)*][TSH] - k-3 [M(salphen)-TSH*]

— k4[M(salphen)-TSH'] =~ 0 5.8
[M(salphen)-TSH'] = X [M(Sj‘(‘fj‘f‘l‘g]”s“] 5.9
Substituting equation 5.9 into equation 5.7
Rate = X [M(ia_lffi?ﬂ”sm + ks [M(salphen)"][TSH] 5.10
Rate = (kf‘:fh + ks ) [M(salphen) ][TSH] 5.11

Equation 5.11 is analogous to equation 5.2

kyks
k_3 + k4

where k; = ( + k5) = 1.42 +0.02 x 10 dm* mol™ s™* for [Fe(salphen)]*

= 1.62 £ 0.02 x 10° dm* mol™ s for [Mn(salphen)]*

A key point of interest in this discussion is whether this reaction occurs via the

inner- or outer-sphere mechanism or a combination of both. Although, an outer-sphere

mechanism has been reported for the reaction of TSH with [IrClg]> (Sun and Stanbury,

2002), in the same view, an inner-sphere pathway has also been observed in the reactions of

TSH with [Mn"'(cdta)] (Gangopadhyay et al., 1994b) and [Pt(CN)4Cl,]* (Shi et al., 1996).

This issue for the reactions of [Fe(salphen)]” and [Mn(salphen)]” with TSH can be

addressed as follows;

(a) The existence of ion catalysis is characteristic of reactions occurring via the outer-

sphere mechanism.
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(b) Spectroscopic evidence indicated no shift in Amax SUggesting that there was no inner-
sphere complex formation. This observation suggests the occurrence of the outer-

sphere mechanism.

(c) Michaelis - Menten plot of ki Versus [TTlH] had zero intercept which suggests the
1

absence of a detectable intermediate in the rate determining step. This observation

also suggests the occurrence of the outer-sphere mechanism.

The points (a) — (c) overwhelmingly tilt the argument in favour of outer-sphere

mechanism and is hereby proposed for the reaction.
5.3  Reaction of H,C,0,4 with [Fe(salphen)]”

The stoichiometric studies indicated the consumption of 2 moles of [Fe(salphen)]”

by 3 moles of H,C,0, (Figure 4.2) as represented by equation 4.2.

Earlier researchers have shown that the reactions of oxalic acid exhibited varying
stoichiometries as reported in its reactions with N-bromophthalimide (Katre et al., 2012),
Bi(V) (Prasad et al., 2007) and quinolinium fluorochromate (Khurana et al., 2000), where a
stoichiometry of 1:1 was obtained. However, the consumption of 4 moles of oxalic acid per
mole of chromic acid was observed in the reaction of chromic acid with oxalic acid (Khan
et al., 1998) while a 2:1 stoichiometry (Mn'":oxalate) was indicated in the reactions of
tris(acetylacetonato)manganese(111) (Mukhopadhyay et al., 1993) and [Mn(salphen)]* (Jena

et al., 2018) with oxalate ion.

The formation of CO, as the oxidation product of H,C,O4, was confirmed using

lime water (Ca(OH),) which turned milky (Svehla and Sivasankar, 2012) whereas a brown
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precipitate of Fe,O5 was observed due to the KMnO, oxidation of the Fe** complex that

formed during the reduction of [Fe(salphen)]” in the reaction (Misfud, 2009).

The straight line graph (Figure 4.12) obtained from the log(A:— A.) against time, t,
plot suggested that the reaction is first order with respect to [Fe(salphen)’] while the slope
of 1.04 obtained from the plot of log k; against log [H,C,04] showed that the reaction was
first order with respect to [H,C,0O4]. The value of the second order rate constant, k, were
fairly constant for different [H,C,0,] at constant ionic strength (Table 4.2) indicating an
overall second order reaction. The rate equation for the reaction is presented in equation

4.13.

The rate of reaction was independent of [H'], as shown in Table 4.13, indicating the
unlikely deprotonation of oxalic acid molecule in the reaction. Previous studies have
reported that undissociated oxalic acid molecule was involved in the rate determining step
in the raction of the molecule with chromic acid (Bakore and Jian, 1969) and chromic acid
reaction in different acidic media (Khan et al., 1998). Similarly, the protonation of
[Fe(salphen)]* was not supported due to very low range of [H*] (1.0 x 10”° mol dm™ >

[H]< 1.0 x 10 mol dm™) used in the reaction.

The results in Table 4.2 showed that variation in the ionic strength of the reaction
medium had no effect on the rate suggesting zero Brgnsted — Debye salt effect (Magarian,
2014). This implies that the activated complex is formed from the reactants of charged ion
([Fe(salphen)]”) and undissociated molecule (HO,CCO,H) (Atkins and de Paula, 2018).
Supporting this result is the insensitivity of the reaction to the change in dielectric constant

of the reaction medium as presented in Table 4.16. The observed result is not unexpected as
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the reactant species at the rate determining step are composed of charged and neutral

species.

+

Equally, the reaction rate was unaffected by the presence of added ions (Mg, K*,
CH3COO'and NOg3) as shown in Tables 4.25 and 4.35. The lack of ion catalysis could be
attributed to the absence of coulombic interaction between H,C,0, and the added ions,
hence the absence of attraction or repulsion towards [Fe(salphen)]®. lon catalysis is
however ascribed to a reaction occurring through the outer-sphere pathway (Abdulsalam et

al., 2020).

From the Eyring’s plot of In (%) Versus (%) (Figures 4.83), thermodynamic

parameters were calculated and the results are presented in Tables 4.46. The negative
values of AS' and positive AH' may suggest the formation of a more ordered activated

complex and a highly solvated transition state (Katre et al., 2012).

The absence of a gelatinous precipitate when acrylamide was added to the reaction
mixture indicates the unlikely involvement of free radicals in the reaction (Khurana et al.,
2000; Jena et al., 2018) whereas no shift in Amax (435 nm) was observed when the spectrum
of the reaction mixture was compared with that of [Fe(salphen)]” (Figure 4.93), indicating

lack of spectrophotometric evidence for the formation of intermediate complex or if formed

had small formation constant. Similarly, Michaelis-Menten plot of ki Versus was
1

[H2C204]
linear without an intercept, equally indicating the absence of an intermediate complex

(Figure 4.103).

Therefore, taking recourse to the experimental data, the the following mechanistic

steps have been posited for the reaction:
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[Fe(salphen)]* + H,C,0, —Xap [Fe(salphen)—H2C20,']
[Fe(salphen)—H,C,04'] %\7 [Fe(salphen)] + 2CO, + 2H" + ¢
[Fe(salphen)]” + 2H,C,04 +Oz+e'i> [Fe(salphen)] + 4CO, + 2H,0
Rate = k4 [Fe(salphen)—H,C,04']

Applying steady state approximation to [Fe(salphen)-H,C,0,'] gives

—d[Fe(salphen)—H,C, 0,"
dt

I = ks [Fe(salphen)][H2C204] -
k-3 [Fe(salphen)—H,C,04"] — ka[Fe(salphen)—-H,C,0,"] ~ 0

kz[Fe(salphen)t][H,C504]

[Fe(salphen)-H,C,04'] = v

Substituting equation 5.17 into equation 5.15 gives

k,k;[Fe(salphen)™][H;C,04]

Rate = T

Equation 5.18 is analogous to equation 4.13

K3+ kg

where k, =

Many reports have indicated the occurrence of inner-sphere mechanism in the
reactions of oxalic acid (Mukhopadhyay et al., 1993; Khan et al., 1998, Khurana et al.,
2000; Prasad et al., 2007; Banerji et al., 2009). However, an outer-sphere pathway has also
been proposed (Bruyeére et al., 2001). It is noteworthy to deduce the plausible mechanism

for the reaction of H,C,04 and [Fe(salphen)]” from the following observed experimental

data:
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a) the rate of the reaction was unaffected in the presence of added ions, which might
suggests that the reaction occurring via inner-sphere mechanism.

b) spectroscopic evidence indicated no shift in Amax SUggesting that there was no inner-
sphere complex formation. This observation supports the occurrence of the outer-

sphere mechanism.

1
[H2C204]

c) Michaelis - Menten plot of kiversus had zero intercept which indicates the
1

absence of a detectable intermediate in the rate determining step. This observation

also suggests the occurrence of the outer-sphere mechanism.

Based on the findings, option (a) might suggest an inner-sphere pathway, options
(b) and (c) are in support of the occurrence of outer-sphere mechanism and is hereby
proposed for the reaction.

5.4  Reaction of H3PO, with [Fe(salphen)]”

The results of stoichiometric study and product analysis conform to equation 4.3
and represent the reduction of 2 moles of [Fe(salphen)]” per mole of H3PO,.

Yusuf et al. (2004) and Xiao-Juan et al. (2011) obtained similar results. However,
Mohammed et al. (2017) obtained a stoichiometry of 1:1 in the reaction involving di-Ru""
ion and H3PO, and NKkole et al. (2018) also obtained a mole ratio of 1:1 for the reaction of
[Fe(EDTA)] and thioglycolic acid.

The mole ratio of 2:1 in this reaction is not unusual for reactions involving Fe**,
The varying mole ratios obtained in the reactions involving either the oxidant or reductant

as reported can be appreciated in the context of the nature of the oxidant or reductant either

as a one electron oxidant or reductant. In the case of Fe®', the electrochemical half-cell
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reduction potential of Fe"'/Fe"" (Equation 5.19) (Atkins and de Paula, 2018) shows that Fe'"

is a one electron strong oxidant.

Fe''" + ¢ — Fe' Eget jpen = 0.71V 5.19

Therefore, the number of moles of Fe'"

consumed in its redox reaction is dictated by
the reductant. Where the reductant is also a one electron reducing agent, a mole ratio of 1:1
is obtained and if it is a two or more electron reducing agent, a mole ratio of 2:1 or higher is

obtained.

On completion of the reaction, the product of oxidation of hypophosphorous acid
was confirmed by the addition of saturated sodium molybdate solution to the reaction
mixture. The presence of phosphorous acid was inferred from the absence of sodium
phosphomolybdate precipitate indicating the absence of H3PO, (Yusuf et al., 2004;
Mohammed et al., 2017). Similarly, a brown precipitate was observed on addition of
KMnOj, indicating the formation of Fe,O3 from the KMnO, oxidation of the Fe** complex

that formed during the reduction of [Fe(salphen)]” by HsPO, (Misfud, 2009).

The result of the analysis of the kinetic data shows that the reaction is first order
with respect to the concentration of [Fe(salphen)'] and [HsPO,] and second order overall.

The rate law for the reaction is given in equation 4.14.

As for the effect of acid concentration on the reaction, the rate of reaction was acid
independent as shown in Table 4.14. From the acid stability studies, the complex was found
to be stable within the range of acid (1.0 x 10° mol dm™ > [H*] < 1.0 x 10 mol dm™) used
in this work. Therefore, the none-influence of acid concentration in this reaction further

shows that the reductant was neither protonated nor deprotonated in the course of the

261



reaction. The work of Mohammed et al. (2017) involving H3PO, with di-Ru™ ion also

agreed to this acid pathway.

The compositon of the reactants at the rate determing step consisted of a charged
ion ([Fe(salphen)]”) and an uncharged molecule (HsPO,) (Atkins and de Paula, 2018), a
feature observed when the reaction rate was unaffected by variation in ionic strength of the
reaction medium (Table 4.3), indicating zero Brgnsted — Debye salt effect (Magarian,
2014). Similarly, changing the dielectric constants of the reaction medium had no effect on
the reaction rate (Table 4.17) which is in support of the previous assertion of the

composition of the activated complex at the rate determing step in this study.

The reaction was catalysed by added ions (Mg**, Ca**, CHsCOO™ and NO3), an
indication of the redox partners consisting of an ion ([Fe(salphen)]®) and a dipole molecule
(HsPO,) as observed in the reaction of [Fe(salen)]” with thiodiglycolic acid (Subramaniam
et al., 2014) where ion catalysis was also recorded. This catalytic effect is consistent with a

reaction following an outer-sphere pathway of electron transfer.

A comparison of the spectrum of the reaction mixture with that of [Fe(salphen)®]

indicated no shift in Anax (435 nm) (Figure 4.94) and a Michaelis-Menten plot of kiversus
1

TR was linear without an intercept (Figure 4.104). These observations suggest the
3 2

absence of intermediate complex with significant stability in the reaction, which is in

support of an outer sphere redox mechanism.

The observed gelatinous precipitate when acrylamide was added to the reaction

mixture indicated the involvement of free radicals in the reaction whereas the values of
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negative AS' and positive AH' suggest the formation of a more ordered activated complex

and that the transition state is highly solvated (Katre et al., 2012).

The reaction mechanism proposed based on the results obtained from the

experimental finding is as follows:

+ k +
[Fe(salphen)]” + H3PO; eki— [Fe(salphen)-H3PO,"] 5.20
[Fe(salphen)—H3zPO,'] T'(‘)‘:ﬂ/» [Fe(salphen)] + H,PO,” + H* 5.21
[Fe(salphen)]” + HPO," + H,0 —Ks» [Fe(salphen)] + HsPOs3 + H' 5.22

For this mechanism,
Rate = k4 [Fe(salphen)—HzPO,"] 5.23
Applying the steady state approximation to the complex, [Fe(salphen)-HsPO,"],

—d[Fe(salphen)-H3P0, "]
dt

= ks [Fe(salphen)][HsPO,] — k-3 [Fe(salphen)-H3sPO,"] —

ks[Fe(salphen)-HsP0O,]1 =0 5.24
Then
[{Fe(salphen)-HzPO,} "] = KalFesalphen) TIH; PO, 5,25
K_3+ Ky
Substituting equation 5.25 into equation 5.23 gives
Rate = k,ks[Fe(salphen)*][H3PO,] 526

Equation 5.26 is analogous to equation 4.14

K3+ kg

where k, = = 2.28+0.03 x102dm*molts?
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neutral

Although, an outer-sphere mechanism was earlier reported in the reactions of

red (lbrahim et al, 2016) and diaquotetrakis-(2,2’-bipyridine)-p-

oxodiruthenium(ll1) ion (Mohammed et al., 2017) with hypophosphorous, the following

experimental findings can be used to assign mechanistic pathway to this reaction:

5.5

a)

b)

Added ions catalysis observed in the reaction is characteristic of reactions occurring
via the outer-sphere mechanism.

Spectroscopic evidence indicated no shift in Amax indicating that there was no inner-
sphere complex formation. This observation also conforms to the occurrence of the

outer-sphere mechanism.

Michaelis - Menten plot of ki Versus had zero intercept, which further
1

[H3PO;]
suggests the absence of a detectable intermediate in the rate determining step in

support of the occurrence of the outer-sphere mechanism.

Therefore, outer-sphere mechanism is proposed for the reaction.
Reactions of H,0, with [Fe(salphen)]” and [Mn(salphen)]”

The stoichiometry of the reactions were found to be 2:1 (Figures 4.4 and 4.5) as

represented by equation 5.27 indicating that 2 moles of the complexes were reduced each

per mole of H,0,.

2[M(salphen)]” + H,0, — 2[M(salphen)] + O, + 2H" 5.27

where M = Fe** or Mn®*

A similar 2:1 stoichiometry is common in the reactions of H,O; as reported in its

reactions with cysteine (Luo et al., 2005), [(NH3)sCo"(1-0,)Co" (NH3)s]°* (Mishra et al.,
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2009) and aminocarboxylactocobaltate(Il) complex (Onu et al., 2015). However, a

stoichiometry of 1:1 was implicated in the reaction of TI"' with H,0, (Rao et al., 1993).

The presence of Mn?*, the reduction product of Mn** was ascertained by the
appearance of a purple colour of MnO,, which was as a result of Mn®* oxidation by K10,
(Nazarenko, 2004). Similarly, a brown precipitate was observed indicating the formation of
Fe,O3 from KMnO, oxidation of the Fe?* complex that formed during the reduction of

[Fe(salphen)]* (Misfud, 2009), confirming the presence of Fe*".

The kinetic analysis for the reaction indicated first order dependence in
[M(salphen)™] and [H,0] and the values of second order rate constants, k, were fairly

constant indicating and overall second order reaction.

First order dependence in [H,O;] is common as reported in the reactions of H,0,
with TI"' (Rao et al., 1993), N,N’-propylenebis(salicylideneiminato)manganese(l11)
(Salem, 1994), cysteine (Luo et al., 2005), [(NH3)sCo"'(1-02)Co"'(NHs)s]>* (Mishra et al.,
2009), Cu" (Skounas et al., 2010), trispicolinatoruthenate(ll) (Impert et al., 2012),
aminocarboxylactocobaltate(ll) (Onu et al., 2015) and Cu-buserite complex (Feng et al.,

2020).

Equation 5.28 describes the rate equation for the reactions as:

—1d[Fe(salphen)*]

- " = ko[M(salphen)][H.0,] 5.28

where k, = 5.08 +0.06 x 10™ dm?® mol™ s for [Fe(salphen)*]

1.26 + 0.02 x 10 dm® mol™ s for [Mn(salphen)*]
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The reactions were inhibited in the presence of [H*] as shown in Tables 4.4 and 4.5.

1

A plot of k, against T

gave a straight line with an intercept (Figures 4.31 and 4.32). Acid

dependence of this nature suggests deprotonation of H,O, during the reaction as
represented by equation 5.29, with both deprotonated and neutral molecule being reactive

(Rao et al., 1993; Mishra et al., 2009).
H,0, S HO, + H' 5.29

However, Onu et al. (2015) presented a straight line graph of a plot of k, against

1

T in the reaction of Co" and H,O, where no intercept was obtained, an indication that

only the deprotonated form of H,O, was reactive (Onu et al., 2015). Similarly, it was
reported that [H™] catalysed the reaction of H,O; with trispicolinatoruthenate(Il) complex.
This result was explained in terms of the protonation of trispicolinatoruthenate(ll) complex

(Impert et al., 2012).

Results from Tables 4.4 and 4.5 show that increase in ionic strength of reaction
medium decreased the reaction rate. Plot of log k, against V. gave a slope of -0.91 and -
1.37 for [Fe(salphen)]” and [Mn(salphen)]" respectively (Figures 4.35 and 4.36), suggesting
negative Bransted — Debye salt effect (Magarian, 2014) and that the product of the charges
at the rate determining step is about unity. This implies that the activated complex is
composed of reactants with oppositely charged ions ([M(salphen)]” and HO,) (Atkins and
de Paula, 2018). However, lack of dependence of rate on ionic strength was reported for the
reactions of H,O, with TI"' (Rao et al., 1993), cysteine (Luo et al., 2005) and
aminocarboxylactocobaltate(l1) complex (Onu et al., 2015), corresponding to the presence

of a neutral molecule (H,O,) at the rate determining step.
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Results from Tables 4.18 and 4.20 also show that decreasing the dielectric constants
of the reaction medium decreased the reaction rate, implying decreased mobility of one or

the two oppositely charged ions at the rate determing step.

The reaction of H,0, with [Fe(salphen)]" was catalysed by added ions (Mg**, Ca*",
HCOO™ and NOj3) (Tables 4.28 and 4.38) due to the probable existence of couloumbic
attractions between the redox parteners and the ions at the rate determining step prior to
electron transfer. However, the ions inhibited the reaction of H,O, with [Mn(salphen)]”
(Tables 4.31 and 4.43), an indication of the existence of couloumbic repulsions between the
redox partners. The observed ion catalysis or inhibition shows probable occurrence of
reactions occurring via outer-sphere mechanism as reported in the reaction of H,O, with

aminocarboxylactocobaltate(ll) complex (Onu et al., 2015).

From the thermodynamic parameters evaluated, the negative value of AS' and
positive AH' indicated a more ordered activated complex, indicative of an associatively
activated process (Anis et al., 1987; Rao et al., 1993) and that the transition state is highly
solvated (Katre et al., 2012) as a result of arrangement of solvent molecules around the

transition state (Anis et al., 1987).

Lack of spectrophotometric evidence for the formation of intermediate complex was
inferred when no shift in Amax at 435 nm for [Fe(salphen)]” and 450 nm for [Mn(salphen)]*
was observed when the spectra of the reaction mixtures were compared with that of the
complexes alone (Figures 4.95 and 4.96) suggesting the absence of an intermediate and a

probable outer sphere mechanism. However, the presence of intermediates in the reactions

were inferred from intercepts obtained from Michaelis-Menten plots of ki Versus ﬁ
1 2Y2
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(Figures 4.110 and 4.111) suggesting formation of intermediates and probable inner-sphere

mechanisms for the reactions (Salem, 1994; Mishra et al., 2009; Impert et al., 2012).

The addition of acrylamide to the partially reacted solutions gave a gelatinous
precipitate indicating the involvement of free radicals in the reactions (Salem, 1994; De-
Laat and Gallard, 1999; Perez-Benito, 2004; Mishra et al., 2009; Impert et al., 2012;

Kremer, 2017).

With recourse to the experimental data, the proposed mechanism for the reactions is

as follows:

H,0, K HO, + H' 5.30
[Msalphen)]* + HO; —&»  [M(salphen)] + HO; 5.31
[M(salphen)]* + HO, —%»  [M(salphen)] + O, + H* 5.32
[M(salphen)] + H,0, —<»  [M(salphen)-H,0,"] 5.33
[M(salphen)-H0;'] <>  [M(salphen)] + HO; + H’ 5.34
[M(salphen)]* + HO, —»  [M(salphen)] + O, + H* 5.35
Rate = k4 [M(salphen)"][HO,] + ks [M(salphen)—H,0,"] 5.36

Applying steady state approximation to the intermediate [M(salphen)-H,0,];

—d[M(salphen)—H,0,"

- I = ks [M(salphen)*][H205] — k- [M(salphen)—H,0,"]

— k7 [M(salphen)-H,0,"1= 0 5.37

ke[M(salphen)*][H,0,]

P 5.38

[M(salphen)-H,0,"] =

But
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[HOZ][HY]

K™= [H202] 539
Therefore;
- _ K{[H,0,]

[HO.] = =7 5.40
Substituting equations 5.38 and 5.40 into equation 5.36 gives equation 5.41

Rate = Kfk4[M(salphen)*][H,0;] + kek,[M(salphen)*][H,0-] 541

[Ht] K_g+ k7
Khk kek
Rate = ([§+f + k_:+7k7) [M(salphen)*][H205] 5.42

Equation 5.42 is analogous to equation 5.28

where M = Fe** or Mn®*

_ (Kiiks Keky; \ _ 4 43 11 +
ko = ([H+] + k_6+k7) = 5.08 +0.06 x 10™ dm” mol™ s™ for [Fe(salphen)]

= 1.26 +0.02 x 10 dm® mol™ s™ for [Mn(salphen)]*

Various mechanistic pathways have been proposed for the reactions of H,O, such as
an outer-sphere pathway in its reaction with aminocarboxylactocobaltate(ll) complex (Onu
et al., 2015), while an inner-sphere mechanism has also been proposed in its reactions with
cysteine (Luo et al., 2005), Cu" (Skounas et al., 2010) and trispicolinatoruthenate(11)
(Impert et al., 2012). An analysis of the experimental data in terms of mechanistic pathway

for the reactions of H,O, with [M(salphen)]” is provided as follows:
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a) Added ions catalysis was observed in the reaction of H,O, with [Fe(salphen)]”
whereas inhibition was observed in the reaction of H,O, with [Mn(salphen)]’, a
characteristic feature of reactions occurring via the outer-sphere mechanism.

b) Spectroscopic evidence indicated no shift in Ama Suggesting the absence of

intermediates, which is in support of an outer-sphere mechanism.

1
[H202]

c) Michaelis - Menten plots of ki Versus had intercepts, which suggest the
1

presence of intermediates in the rate determining steps. This observation supports

the occurrence of the inner-sphere mechanism.

Although option (c) suggests an inner-sphere pathway, however, options (a) and (b)

are in favour of the outer-sphere mechanism and is hereby proposed for the reactions.
5.6  Reaction of RSH with [Mn(salphen)]”

The stoichiometry of the reaction was found to be 1:1 (Figure 4.7) and conforms to

equation 4.7.

A similar stoichiometry of 1:1 has been reported in the reactions of RSH with
[Mn"(0),Mn"Y] (Goswami et al., 2004), Co" superoxide (Mandal et al., 2015),
[(bpy).H,ORu",0" (lyun and Musa, 1995) and heteropoly-11-tungsto-1-
vanadophosphate (Shanmugaprabha et al., 2016). However, 2 moles of RSH have been
reduced by a mole of Co" histimine (Rafiquee et al., 2016) whereas 6 moles of RSH

consumed 1 mole of [Mn3(u-O)4(phen)s(H,0),]** (Chakraborty et al., 2013).

The presence of Mn**, the reduction product of Mn* was obtained by the
appearance of purple colour of MnO, as a result of Mn?* oxidation by K10, (Nazarenko,

2004) while the oxidation product of RSH, was confirmed according to earlier published
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procedures (McAuley and Gomwalk, 1968; McAuley and Gomwalk, 1969). From the FTIR
results, bands observed at 3309 cm™, 1042 cm™ and 481 cm™ were assigned to (vO-H),
(vC-0) and (vS-S) stretching respectively (Trofimov et al., 2009) (Appendix VI). The data
obtained from the results support the formation of HOCH,CH,S-SCH,CH,OH as the

organic product of the oxidation of thioglycol.

The kinetic analysis indicated first order dependence in [Mn(salphen)*] and [RSH]
with fairly constant values of second order rate constants, k, (Table 4.7) indicating that the
reaction is second order overall. The rate equation for the reaction is depicted by equation

4.18.

The observed first order dependence in [RSH] is similar to earlier results obtained
in the reactions of RSH with [(bpy):H.ORu"],0* (lyun and Musa, 1995),
[Mn"'(0),Mn"] (Goswami et al., 2004), [Mn3(u-O)4(phen)s(H,0),]*" (Chakraborty et al.,
2013), [MnV13035]”" (Chakrabarty and Banerjee, 2014), Co"histimine (Rafiquee et al.,
2015), Co" complex (Mandal et al., 2015) and heteropoly-11-tungsto-1-vanadophosphate

(Shanmugaprabha et al., 2016).

The rate of reaction was catalysed in the presence of [H'] as shown in Table 4.7. A
plot of ko versus [H'] gave a straight line graph with an intercept (Figure 4.34). Acid
dependence of this nature suggests protonation of RSH during the reaction as shown in
equation 5.43, with both protonated and neutral forms being reactive. Similar acid
dependence has been established in the reaction of RSH with [MnV130s]”, but
[MnV13035]” was reported to have been protonated and not RSH (Chakrabarty and
Banerjee, 2014). A deprotonation of RSH was however reported in its reactions with

[(bpy)2H,ORU"",0*" (Iyun and Musa, 1995), [Mns(p-O)4(phen)s(H-0),]** (Chakraborty et
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al., 2013), Co(lll) complex (Mandal et al., 2015) and heteropoly 11-tungsto-1-

vanadophosphate (Shanmugaprabha et al., 2016).

The results from Table 4.7 shows that increase in ionic strength of reaction medium
increased the reaction rate. Plot of log k; against Vu gave a slope of +0.92 (Figure 4.39),
suggesting a positive Brgnsted — Debye salt effect (Magarian, 2014). This implies that the
activated complex is formed from reactants of similar charged ions ([Mn(salphen)]” and
HRSH™) of unit magnitude (Atkins and de Paula, 2018). Results from Table 4.24 also show
that decreasing the dielectric constants of the reaction medium increased the reaction rate,
an indication that the reaction is favoured with decreasing polarity of the medium.

The reaction was inhibited by increasing concentrations of added cations (Mg?* and
K™) (Table 4.32), an indication of the existence of coulombic repulsions between the redox
partners and the added cations at the rate determining step. This could happen if both the
redox partners are positively charged species. However, increase in concentrations of added
anions (NO3 and SO,%) catalysed the reaction (Table 4.40) suggesting the presence of
positively charged ions at the rate determining step and the probable existence of
coulombic attractions between the redox partners and the anions. lon catalysis or inhibition
supports reactions occurring via outer-sphere mechanism.

The slight decrease in Amax Observed from 450 nm to 425 nm when the spectrum of
the reaction mixture was compared with that of [Mn(salphen)] (4.101) indicates the

possible formation of an intermediate complex in the reaction. However, Michaelis-Menten

plot of ki Versus was linear without intercept suggesting the absence of an
1

[RSH]
intermediate complex (Figure 4.106) (lyun and Musa, 1995, Nkole et al., 2018). Similarly,

the involvement of free radicals in the reaction was inferred from the gelatinous precipitate
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obtained when acrylamide was added to the partially reacted solution (Goswami et al.,
2004; Chakrabarty and Banerjee, 2014; Mandal et al., 2015; Rafiquee et al., 2016;
Shanmugaprabha et al., 2016).

Based on the experimental findings, the mechanism of reaction is rationalized to

outer-sphere pathway, and the following mechanism is proposed:

+

RSH + H' =f&= HRSH* 5.43
[Mn(salphen)]” + HRSH* TI(?W» [Mn(salphen)] + RS’ + 2H" 5.44
[Mn(salphen)]” + RSH Slk—o‘iNr [Mn(salphen)] + RS + H* 5.45
RS + RS —» RSSR 5.46
Rate = ks [Mn(salphen)"]J[HRSH'] + ks Mn(salphen)"][RSH] 5.47

From equation 5.43;

[HRSH'] = Ky [RSHI[H'] 5.48
Therefore;

Rate = ksKy ' [Mn(salphen) J[RSH][H'] + ks [Mn(salphen)*][RSH] 5.49
Rate = (k4 + ksKy ' [H'])[Mn(salphen)*][RSH] 5.50

Equation 5.50 is analogous to equation 4.18
where ko = (ks + ksKy[H']) = 1.29 £ 0.03 x 10 dm® mol™* s

The proposition of outer-sphere mechanism for this reaction is similar to that
reported in the reactions of RSH with [(bpy).H.ORu"],0* (lyun and Musa, 1995),
[Mn"(0),Mn"] (Goswami et al., 2004), heteropoly-11-tungsto-1-vanadophosphate
(Shanmugaprabha, et al., 2016) and [Fe"HEDTAOH] (Nkole et al., 2018). However, the

occurrence of inner-sphere mechanism in the reactions of RSH have also been reported in
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its reactions with [Mn3(p-O)4(phen)s(H20),]** (Chakraborty et al., 2013) and

[MnV13035]"” (Chakrabarty and Banerjee, 2014).
5.7  Reaction of SCN™ with [Mn(salphen)]”

The consumption of 1 mole of [Mn(salphen)]” per mole of SCN™ was inferred from

the stoichiometric studies (Figure 4.8) as shown in equation 4.8.

A similar stoichiometry of 1:1 has been reported in the reactions of SCN™ with
Mny(P,O7); (Bhat et al., 1993) and peroxomonosulphate ion (Kalmar et al., 2013).
However, different results of reaction stoichiometry were recorded in the reaction of 10,4
and SCN"where Nandibewoor et al. (2000) reported the consumption of 4 moles of 10,4 per
mole of SCN™ and Lohdip and Iyun (2003) showed the reduction of 1 mole of

[Mn"'0,Mn"V** by 3 moles of SCN'.

Although thiocyanogen, (SCN),, is known to be formed as one of the reaction
products in the redox reaction involving SCN™ (Aune and Thomas, 1977; Bhat et al., 1993;
Lohdip and lyun, 2003), this can undergo further hydrolysis according to equation 5.51 to

give the final products (Lohdip and lyun, 2003).
4H,0 + 3(SCN), — 7H' + 55CN" + HCN + SO,* 5.51

Formation of white precipitate of BaSO, insoluble in excess dilute HCI indicated
the presence of SO4> ion and the formation of a blood red complex of Fe(SCN); confirmed
the presence of CN’ ion (Svehla and Sivasankar, 2012). The presence of Mn®" was
determined by the appearance of characteristic purple colour of MnQO,’, which was as a

result of Mn?* oxidation by K10, (Nazarenko, 2004).
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The reaction Kinetics indicated first order dependence with respect to

[Mn(salphen)*] and [SCN] and the rate equation for the reaction is given as equation 4.19.

The observed first order dependence in [SCNT is similar to the results shown in the
reactions of SCN™ with Mn,(P,0;); (Bhat et al., 1993) and [Mn"'0,Mn"V]** (Lohdip and
Iyun, 2003). However, a half order dependence in [SCN'] was reported in the aqueous
polymerisation of methyl methacrylate initiated by manganese(lll) pyrophosphate
(Sherigara et al., 2001) while Ghosh and De (1992) indicated a zero order dependence in

[SCNT in its reaction with [Rh(H.0)s]*".

The rate of reaction was independent of [H'] as shown in Table 4.8. Acid
dependence of this nature suggests that none of the reactants was protonated or
deprotonated during the reaction. In the reaction of Mn4(P,0-)s with SCN", the reaction was
[H] catalysed and this observation was explained in terms of protonation of SCN™ (Bhat et
al., 1993) while in the reaction of [Mn"'0,Mn"V]** with SCN’, catalysis by [H*] was as a

result of the protonation of the complex, [Mn"'0,Mn"]** (Lohdip and Iyun, 2003).

Results from Table 4.8 also show that increase in ionic strength of reaction medium
decreased the reaction rate. Plot of log k. against Y gave a slope of -0.75 (Figure 4.37),
suggesting a negative Brgnsted — Debye salt effect (Nandibewoor et al., 2000; Magarian,
2014). This implies that the activated complex is formed from reactants of oppositely
charged ions ([Mn(salphen)]” and SCN") with a charge magnitude of unity (Atkins and de
Paula, 2018). However, a zero Brgnsted — Debye salt effect has been observed in the
reaction of [Mn"'0,Mn"V]** with SCN™ (Lohdip and lyun, 2003). The decrease in the

reaction rate with decreasing dielectric constants of the reaction medium (Table 4.21) also
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supports the interaction of oppositely charged ions at the rate determing step as indicated

earlier.

Increase in concentrations of added cations (Mg?** and Ca®") retarded the reaction
(Table 4.33) while an increase in concentrations of added anions (HCOO™ and NOg3)
catalysed it (Table 4.41). This is as a result of the ions interacting with the redox partners at
the rate determing step, either bringing them closer together (coulombic attraction) or
setting them far apart (coulombic repulsion) prior to electron transfer. lon catalysis or

inhibition are typical for reactions occurring via outer-sphere mechanism.

The participation of free radicals in the reaction was inferred from the observed
gelatinous precipitate formed when acrylamide was added to the partially reacted solution
of SCN™ with [Mn(salphen)]”. Similar result was obtained in the reactions of SCN” with
Mny(P,O7); (Bhat et al., 1993) and manganese(ll1l) pyrophosphate (Sherigara et al., 2001).
However, the involvement of free radicals in the reaction of [Mn"'0,Mn"V]** with SCN’

was unlikely due to the absence gel formation in the reaction (Lohdip and lyun, 2003).

From the thermodynamic parameters evaluated, a large negative value of AS'
supports a more ordered activated complex, indicative of an associatively activated process.
A similar result was reported in the reactions of SCN™ with HSOs™ (Kalmar et al., 2013),
manganese(l11) complex (Bhat et al., 1993), and in the aqueous polymerisation of methyl
methacrylate initiated by manganese(l11) pyrophosphate (Sherigara et al., 2001). In another
report, a positive AS' recorded in the reaction of thiocyanate ion with [Rh(H,0)s]** was
indicative of a dissociative mode of activation (Ghosh and De, 1992). The positive AH’

obtained suggests that the transition state is highly solvated (Katre et al., 2012).
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Lack of spectrophotometric evidence for the formation of intermediate complex was
observed since there was no shift in Amax (450 nm) when the spectrum of the reaction
mixture was compared with that of [Mn(salphen)] (Figure 4.98), suggesting an outer

sphere mechanism. A similar result was obtained in the reaction of [Mn"'0,Mn"V]** with

1

SoN] was linear

SCN" (Lohdip and lyun, 2003). The Michaelis-Menten plot of kiversus

with no intercept indicating the absence of an intermediate complex (Figure 4.107).

On the basis of the results obtained from the investigation, the following reaction

scheme is proposed:

[Mn(salphen)]” + SCN T'(‘;/\/» [Mn(salphen)] + SCN’ 5.52
SCN' + SCN°  —»  (SCN)," 5.53
[Mn(salphen)]” + (SCN),” Ky [Mn(salphen)] + (SCN); 5.54
Rate = ks [Mn(salphen) J[SCN] 5.55

Equation 5.55 is analogous to equation 4.19

where k; = ks = (1.54 + 0.01) x 10° dm* mol™ s™

Although Nandibewoor et al. (2000) reported an inner-sphere pathway in the
reaction of SCN™ with 10,7, the experimental data obtained for the reaction of
[Mn(salphen)]” and SCN" are in favour of the occurrence of outer-sphere mechanism and is

proposed for the reaction.
5.8 Reaction of H,NNHCSNH, with [Mn(salphen)]”

From the stoichiometric study, two moles of [Mn(salphen)]” were reduced per mole

of H,NNHCSNH, (Figure 4.9) as represented in equation 4.10.
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Reactions of H,NNHCSNH, have shown varying reaction stoichiometries. For
example, a 1:1 mole ratio was reported in the reduction of Fe** by thiosemicarbize and a
disulphide, (H,NN=C(NH,)S),, was confirmed as the reaction product (Ratham and
Anipindi, 2012). A 2:1 stoichiometry (2 moles of complex to 1 mole of thiosemicarbize)
was reported in the reaction of [(H2O)(tap),RuORu(tap),(H20)]** with H,NNHCSNH, and
confirmed a bridged product, [(tap),Ru(u-O)(u-tsc)Ru(tap),]**, as one of the reaction
products (Das-Karfa et al., 2010). More et al. (2018) reported a 1:2 stoichiometry (1 mole
of complex to 2 moles of thiosemicarbize) in the reaction of [Mn'YMogO3,]% with
HoNNHCSNH, and  confirmed the formation of a disulphide product,

HaN(HN),CSSC(NH),NH;.

A 3:1 mole ratio (3 moles of bromate or H,O, to 1 mole of thiosemicarbize) has
been reported in the reactions of H,NNHCSNH, with bromate (Jonnalagadda et al., 2002)
and H,0, (Gowda and Vasireddy, 1990) with reaction products of SO,*, CO,, NH4*, Ny,
N2H; and CN'. A stoichiometry of 4:1 (4 moles of complex to 1 mole of thiosemicarbize)
was however reported in the reaction of H,NNHCSNH, with Mn(P,H.0,)s>, where
reaction products consisting of NH3, N, and COS were reported. The obtained COS

hydrolysed to give CO, and H,S (Sherigara et al., 1994).

A 5:1 mole ratio (5 moles of compound to 1 mole of thiosemicarbize) has been
reported in the reactions of H,NNHCSNH; with N-chlorobenzamide (Nayak and Gowda,
1992) and V°* (Kandpal et al., 1996) and the reaction products include N,, SO,* and CN".
A 6:1 mole ratio (6 moles of compounds to 1 mole of thiosemicarbize) were implicated in
the reactions of H,NNHCSNH, with chloramine-B, bromamine-B and dichloramine-B

(Gowda and Bhat, 1987), chloramine T, bromamine T, and dichloramine T (Gowda and
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Rao, 1988) and Co®" (Prakash et al., 1993) and the reaction products of SO,*, CNO", NH,"

and CNBr (cyanogen bromide) were confirmed.

The observed formation of a white precipitate of BaSO, which was insoluble in
excess dilute HCI indicated the presence of SO,* ion and the formation of a blood red
complex of Fe(SCN); indicated the presence of CN™ ion (Svehla and Sivasankar, 2012).
Similarly, the presence of Mn®*, was inferred from the appearance of purple colour of

MnQ, (Nazarenko, 2004).

The result of the kinetic studies indicated first order dependence in [Mn(salphen)’]
and [H,NNHCSNH;]. The values of second order rate constants, k, were fairly constant
(Table 4.9) an indication that reaction is second order overall. Equation 4.20 represents the

rate equation for the reaction.

The observed first order in [H,NNHCSNH,] is similar to results reported in the
reactions of H,NNHCSNH, with [Mn'VMogO3,]> (More et al., 2018), vanadium(V)
(Kandpal et al., 1996), H,O, (Gowda, and Vasireddy, 1990), bromate (Jonnalagadda et al.,
2002) and Fe** (Ratnam and Anipindi, 2012). However, a half order dependence in
[H,NNHCSNH;] was observed in the reactions of H,NNHCSNH, with chloramine-B,
bromamine-B and dichloramine-B (Gowda and Bhat, 1987), chloramine T, bromamine T,

and dichloramine T (Gowda and Rao, 1988) and N-chlorobenzamide (Nayak et al., 1992).

The reaction was independent of [H*] as shown in Table 4.9. Acid dependence of
this nature suggests that none of the reactants was protonated during the reaction (Das-
Karfa et al., 2010). Reports have shown that the rate of the reactions of H,NNHCSNH,

with [Mn'"YMoyO3,]® (More et al., 2018) and Vanadium(V) (Kandpal et al., 1996) to be
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catalysed by [H'] and a first order dependence in [H'] was obtained. This was explained in
terms of the protonation of H,NNHCSNH, as shown in equation 5.56 (Kandpal et al.,

1996; More et al., 2018).
H,NNHCSNH, + HY ——  H,NNHCSNH;3" 5.56

However, a second order acid dependence was reported in the reaction of
H,NNHCSNH; with bromate, which was explained on the basis of the bromate ion being

protonated (Jonnalagadda et al., 2002).

An inverse acid dependence was reported in the reactions of H,NNHCSNH; with
chloramine-B, bromamine-B and dichloramine-B (Gowda and Bhat, 1987), chloramine T,
bromamine T and dichloramine T (Gowda and Rao, 1988) and were explained based on the

deprotonation of the amines as shown in equation 5.57.
RNH,CI S RNHCI + H* 5.57

Similarly, an inverse acid dependence was also reported in the reactions of
HoNNHCSNH, with H,O, (Gowda and Vasireddy, 1990) and the deprotonation of
H,NNHCSNH, before the rate determining step was expressed as the possible explanation
for the nature of the acid dependence as shown in equation 5.58.

P i
H,NNHC=NH =———  H,NNHC=NH + H* 5.58

Results from Table 4.9 shows that increase in ionic strength of reaction medium had
no effect on the reaction rate indicating zero Brgnsted — Debye salt effect (Magarian, 2014).
This indicates that the reaction is independent of ionic strength in this concentration limit

(More et al.,, 2018) and that the activated complex is formed from a charged ion
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([Mn(salphen)]") and an uncharged molecule (H,NNHCSNH,) (Atkins and de Paula,
2018). However, results from Table 4.22 show that decreasing the dielectric constants of
the reaction medium decreased the reaction rate, similar to earlier studies in the reaction of
H,NNHCSNH, with [Mn'YMog03,]° (More et al., 2018), indicating that the activated
complex is formed from a charged ion ([Mn(salphen)]”) and an uncharged molecule

(H:NNHCSNH,) (Atkins and de Paula, 2018).

Increase in concentration of added ions (Mg?®*, Ca**, HCOO™ and NO3) catalysed
the reaction (Tables 4.30 and 4.42) which supports the occurrence of outer-sphere
mechanism. Reactions involving ion ([Mn(salphen)]") and dipole molecules
(H:NNHCSNH>) have been reported to be catalysed by added ions (Subramaniam et al.,

2014).

The formation of an inner-sphere complex in the reaction of H,NNHCSNH, with

[Mn(salphen)]” was rulled out from Michaelis-Menten plot of L versus ———————
Ky [H,NNHCSNH,]

which was linear without intercept (Figure 4.108) (Gowda and Rao, 1988) and from
spectrophotometric test which indicated no observable shift in Amax (450 nm) (Figure 99).
This lack of spectrophotometric evidence for the formation of intermediate complex
suggests an outer sphere mechanism for the reaction. An intercept was, however, reported
in the reactions of H;NNHCSNH, with [(H,O)(tap),RuORu(tap),(H,0)]** (Das-Karfa et
al., 2010) and vanadium(V) (Kandpal et al., 1996), suggesting that innersphere mechanism

was likely in operation in the reactions.
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Addition of acrylamide to the partially reacted solution to serve as radical scavenger
in the presence of large excess of methanol gave a gelatinous precipitate. This indicates the

involvement of free radicals in the reaction (Ratnam and Anipindi, 2012).

From the thermodynamic parameters calculated, the positive AH' indicates a highly
solvated transition state (Katre et al., 2012) whereas the negative value of AS' indicates that

the species in the activated complex are more ordered (Gowda and Vasireddy, 1990).

The following reaction scheme is proposed for this reaction based on the results

obtained:
/NH2 K, /NH2
[Mn(salphen)]” + :s=cC —> [Mn(salphen)] +.S=C 5.59
\ slow \
NH-NH, NH-NH,
/NH2 K, '
5=C + HO0 —> HO—S=C=NH + NH.' 5.60
\ fast
NH-NH,
. ks +
[Mn(salphen)]” + HO—S=C=NH f—t> [Mn(salphen)] + HO—S=C=NH 5.61
as
+ N k5
HO—S=C=NH + N,H," + 2H,0 + %0, — SO, +CN +2NH," + 3H" 5.62
ast
Rate = ks [Mn(salphen) J[H,NNHCSNH,] 5.63

Equation 5.63 is analogous to equation 4.20

where k, = ks = (4.08 + 0.04) x 10° dm?* mol™ s*

Although most reactions of H,NNHCSNH, have been reported to occur via inner-

sphere mechanism (Gowda and Rao, 1988; Kandpal et al., 1996; Ratham and Anipindi,
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2012; More et al., 2018), an outer-sphere pathway has also been reported (Das-Karfa et al.,
2010). The experimental results obtained for the reaction of H,NNHCSNH, with
[Mn(salphen)]” are in support of the occurrence of outer-sphere mechanism, which is

therefore proposed for this reaction.

5.9  Reaction of S(CH,CH,0H), with [Mn(salphen)]*

The results of the stoichiometric study indicates that for every mole of
S(CH,CH,0H),, two moles of [Mn(salphen)]” were reduced (Figure 4.10) and the
stoichiometric reaction is given in equation 4.11.

Ross (1946) and Ogata and Sawaki (1963) have observed a 1:1 stoichiometry in the
reaction of S(CH,CH,OH), with hydrogen peroxide, and thiodiglycol sulphoxide was
proposed as the reaction product. However, Veriansyah et al. (2005) reported the reaction
of 7 moles of oxygen per mole of S(CH,CH,OH); in the reaction of S(CH,CH,OH), with

oxygen, and proposed CO, and H,SQO, as the reaction products.

At the completion of the reaction, the appearance of purple colour of MnO, after
addition of KIO, indicated the presence of Mn?* after oxidation by K10, (Nazarenko,
2004). From the FTIR results, bands observed at 3334 cm™, 1040 cm™ and 1007 cm™ were
assigned to (vO-H), (vC-O) and (vS=O) stretching respectively (Hampton et al., 2010)
(Appendix VII). This observation is in support of the formation of O=S(CH,CH,0H), as

the organic product of the reaction.

Kinetic study results showed first order dependence in [Mn(salphen)’] and
[S(CH,CH,0H),], which is overall second order as observed from relatively constant

values of second order rate constants, k, (Table 4.10) for the reaction.
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Ross, (1946) and Ogata and Sawaki, (1963) have also observed similar first order

dependence in [S(CH,CH,0H),] in the reaction of S(CH,CH,0H), with H,O..

The reaction was also inhibited in the presence of [H'] as shown in Table 4.10 and a

plot of k, against [H1—+] gave a straight line with an intercept (Figure 4.33). Acid dependence

of this nature suggests the deprotonation of S(CH,CH,OH), before or at the rate determing
step of the reaction with an indication of both deprotonated and neutral forms being
reactive as shown in equation 5.64 (Abdulsalam et al., 2020). However, acid catalysis that
was reported in the reaction of S(CH,CH,0OH), with H,O, and was due to the protonation

of H,0, to give HOOH," (Ross, 1946).

Results from Table 4.10 show that increase in ionic strength of reaction medium
decreased the reaction rate. Plot of log k. against Vi gave a slope of -1.35 (Figure 4.38),
suggesting negative Brensted — Debye salt effect (Magarian, 2014). This implies that the
activated complex is formed from reactants of oppositely charged ions ([Mn(salphen)]* and
HOCH,CH,SCH,CH,0O") of unit magnitude (Atkins and de Paula, 2018). Results from
Table 4.23 also show that decreasing the dielectric constants of the reaction medium
decreased the reaction rate. A decrease in solvent polarity decreased the reaction rate due to
the decreasing mobility of participating ions at the rate determing step. The low values of
dielectric constant reported in this work is due to the fact that at 25° C, the dielectric
constant of DMSO and water are 46.7 and 80.1 respectively (Lide, 2007) which decreased
to 43.51 (Hunger et al., 2010) and 69.91 (Malmberg and Maryott, 1956) respectively at 50°

C.
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The rate of reaction of S(CH,CH,OH), with [Mn(salphen)]” was inhibited in the
presence of ions such as Mg**, Ca**, SO,* and HCOO™ (Tables 4.34 and 4.44), due to the
probable coulombic repulsions that exist between the ions and the redox partners. This

observation is typical of reactions occurring via outer-sphere mechanism.

The values of negative AS' and positive AH" suggest the formation of a more
ordered activated complex and a highly solvated transition state (Katre et al., 2012) while
the involvement of free radicals in the reaction was inferred from the observed gelatinous
precipitate formed when acrylamide was added to partially reacted solution of

[Mn(salphen)]” and S(CH,CH,0H),.

Similarly, no shift in Anax (450 nm) was obtained when the spectrum of the reaction
mixture was compared with that of [Mn(salphen)]” (Figure 4.100). Lack of

spectrophotometric evidence for the formation of intermediate complex was supported by

the Michaelis-Menten plot of ki Versus . This was linear without intercept
1

[S(CH,CH,0H),]

suggesting the absence of an intermediate complex (Figure 4.109).

Although Ogata and Sawaki (1963) reported an inner-sphere mechanism in the
reaction of S(CH,CH,OH), with hydrogen peroxide, the experimental data obtained for the
reaction of [Mn(salphen)]” with S(CH,CH,OH), supports outer-sphere mechanistic

pathway of electron transfer in accordance the with following proposed mechanism.

CH,-CH,-OH K * CH,-CH,-O
ahk _TH_ ¢ + H 5.64

S —
“CH,~CH, OH “CH,~CH,-OH
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+ CH,-CH,~0' K CH,~CH,-0

3
* [Mn(salphen)]” + S ——> [Mn(salphen)] +.S 5.65
nGspten” + Lo T D) £ sC
CHy-CH,-0 K, CH,—CH,~OH
/ L]
s’ + HO0 — Ho-s_ 5.66
CH,~CH,OH CH,~CH,-OH
. SHaCH-OH ,CH,~CH,-OH
. +
[Mn(salphen)]” + HO-S., —> [Mn(salphen)] + HO-S_ 5.67
CH,~CH,~OH CH,~CH,"OH
,CH,~CH,~OH K CH,-CH,-OH
HO-S.. —>  0=s] L) 5.68
. CHyCHyOH _CH,~CH,~OH"
[Mn(salphen)]” + s ——= | Mn(salphen)-S_ 5.69
CH,~CH,-OH CH,~CH,-OH
_CH,~CH,-OH" S iMncsoten)] CH,-CH,~OH -
S n(salphen)] + S_ :
Mn(salphen) \CH,-CH,-OH o P CH,~CH,~OH
Chy-CH,~OH . " CHa~CH,~OH )
SN H0 > HO-S. + H 5.71
CHZ_CHZ-OH CHz*CHz_OH
/CHZ_CHZ—OH k + +’CH2'CH2_OH
[Mn(salphen)]” + Ho-s” —105 [Mn(salphen)] + HO-S_ oH 5.72
CH,~CH,~OH CH,~CH,
’CHZ_CHZ_OH k /CHZ_CHZ_OH +
HO-S.. —= 08 + H 5.73
Rate = ks[Mn(salphen)*][HOCH,CH,SCH,CH,0]
+ kg[Mn(salphen)-S(CH,CH,0H),'] 5.74

Applying steady state approximation to the intermediate [Mn(salphen)-S(CH,CH,0H),"];

—d[{Mn(salphen)——S(CH,CH,0H),}* +
e SCRLER I = ke [Mn(salphen) ][S(CH.CH;0H),] -
k-7 [Mn(salphen)-S(CH,CH,0H),"] —

ks [Mn(salphen)-S(CH,CH,0H),"] = 0 5.75
[Mn(salphen)-S(CH,CH,OH),"] = <2Mnsphen” IS(CH; CH O, | 5.76
-7 8
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But

[HOCH,CH,SCH,CH,0~][H"]

+ _
Kn' = [S(CH,CH,0H),]
Therefore;
+
[HOCH,CH,SCH,CH,07 = KMS(CP[';‘i?onhl

Substituting equations 5.77 and 5.78 into equation 5.74 gives equation 5.79

K3Kjfj[Mn(salphen)*][S(CH,CH, OH),] + k;kg[Mnsalphen™][S(CH,CH,0H),]

Rate = ] P
KK k,k
Rate = ([gﬁ? + k_ffi(g) [Mn(salphen)*][S(CH,CH,0H)]

Equation 5.80 is analogous to equation 4.21

K3Kf n Kk, kg
[H*] k_7+Kkg

where k, = ( ) = 4.18+0.07 x 102 dm®* molts?

5.10 Reaction Rate in the Presence of Surfactants

5.10.1 Critical micelle concentration of surfactants

The variation of specific conductance with surfactant concentration ([S¢]) is
presented in Table 4.55 and the plots of specific conductance versus [S¢] are presented in

Figures 4.112 — 4.117. The breaking points on the graphs were taken as the critical micelle

concentration (CMC).

The CMC of SDS obtained in water, 8.0 x 10° mol dm™, is in good agreement
with previously reported values of 8.64 x 10”° mol dm™ (Jiang et al., 2003), 8.1 x 10° mol
dm™ (Kumari, 2004; Chauhan et al., 2007), 8.2 x 10° mol dm™ (Markarian et al., 2005)

and 8.0 x 10 mol dm™ (Demissie and Duraisamy, 2016), while that of CTAB, 2.0 x 107
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mol dm™, is similar to previously reported values of 1.005 x 10 (Sood and Sharma, 2016),
9.7 x 10 mol dm™ (Modaressi et al., 2007; Dubey, 2013), 9.6 x 10™ mol dm™ (Kumari,
2004), 9.5 x 10* mol dm™ (Jalali and Gerandaneh, 2011; Olaseni et al., 2012) and 9.0 x

10" mol dm™ (Jiang et al., 2003).

The presence of electrolytes has a great effect on micelle formation and micelle
stabilization (Lin et al., 2003; Vautier-Giongo and Pastore, 2006). As a result, a lower
CMC of surfactants is observed in the presence of electrolytes. For instance, in the presence
of 0.1 mol dm™® KNO;, a CMC of 4.0 x 10° mol dm™ and 7.0 x 10* mol dm™ were
reported for SDS and CTAB respectively (Jiang et al., 2003). Similarly, in 0.1 mol dm?
NaCl, a CMC of 1.6 x 10 mol dm™ (Ogunlusi et al., 2013) and 6.8 x 10° mol dm™
(Ogunlusi et al., 2016) were reported for SDS and CTAB respectively. Micellization is
favoured in the presence of electrolytes due to decreased repulsion between surfactant head

groups (Shamsipur et al., 1997; Kumar et al., 2012).

On the other hand, the addition of co-solvents leads to an inhibition of the
micellization of surfactant process due to dehydratation of the micelle surface which leads
to an increase in CMC (Markarian et al., 2005). For instance, in the presence of 20 %
DMSO, a CMC of 1.5 x 10 mol dm™ and 4.25 x 10 mol dm™ were reported for SDS and

CTAB respectively (Kumari, 2004).

This increase in CMC in the presence of DMSO can be attributed to a decrease in
the dielectric constant of the solvent (Peyre et al., 2013). This can be due to the fact that the
ions on the surfactant head group are strongly solvated by DMSO which results in weak
counter-ion binding on the micellar surface, and a strong intermolecular interaction occurs

between DMSO and water molecules, leading to significant dehydration of the micellar
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surface. As a result of these effects, the aggregation of surfactant molecules is inhibited

(Chauhan et al., 2001; Markarian et al., 2005; Chauhan et al., 2007).

The observed values of CMC in this study could be attributed to the overall effect of
a decrease in CMC in the presence of ions (NaCl and [M(salphen)]*) and an increase in

CMC in the presence of co-solvent (20 % DMSO).
5.10.3 Kinetic model for the effect of surfactants on the reactions rate

From the results, an increase in k, at [Sf] < CMC was observed when SDS was
added to the reaction medium in the reactions of TSH and H,C,0,4 with [Fe(salphen)]” and
in the reactions of TSH, SCN and S(CH,CH,0H), with [Mn(salphen)]* whereas a decrease
in k, was observed in the reaction of H,O, with [Fe(salphen)]” and RSH with
[Mn(salphen)]*. Similarly, an increase in k,, at [Sf] < CMC was observed in the presence of
CTAB, in the reactions of TSH and H,C,04 with [Fe(salphen)]” and in the reactions of
H,0, and TSH with [Mn(salphen)]*, whereas a decrease in k,, was observed in the reaction
of H,O, with [Fe(salphen)]” and the reactions of SCN’, S(CH,CH,OH), and RSH with
[Mn(salphen)]”.

This is interpreted as reactants inducing micelle formation (surfactant molecules
start aggregating below CMC). This catalysis/inhibition below CMC is termed as sub-
micellar or pre-micellar catalysis/inhibition. This is because small aggregates of the
surfactants (such as dimers, trimers and tetramers) exist below CMC. These small pre-
micellar aggregates can interact physically with the reactants forming catalytically active

entities (Katre et al., 2013; Ogunlusi et al., 2016).
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In the micellar solution of a surfactant, the complex ion and the reducing agents
(RA) are distributed between agueous phase and micellar pseudophase according to

Scheme 5.1 (Romsted, 2012).

k""\l-
Aqueous phase [Fe(salphen)]w~ + EAs—— Products
Interphase 1| 1|
| | .

Micellar psuodophase  [Fe(salphen)]w™ + RAm — Products

Scheme 5.1: Distribution of reactants between aqueous phase and micellar
pseudophase

The reaction rate in the presence of surfactants was analyzed using the kinetic
model of Piszkiewicz (Piszkiewicz, 1977) which is analogous to the Hill model (Pandey
and Upadhyay, 2005) for enzymatic reactions. According to this model, a substrate (S)
associates with (n) number of surfactant molecules (D) to form aggregates (D,S), which

may react to yield products as represented by equations 5.81 — 5.83.

Kw

S + RA — Products 5.81
K

S + nD D,S 5.82
Kb
Km

D,S + RA — Products 5.83

where S = [Fe(salphen)]” or [Mn(salphen)]’, RA = reducing agent, K is the binding
constant of substrate to micelle, Kp is the dissociation constant of substrate bound micelle,
km is the rate constant for the reaction between RA and D,S aggregates and k,, is the rate

constant in water.
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From equations 5.81 — 5.83, the second order rate constant at low surfactant

concentration is presented in equation 5.84

_ kwKp + ky[D]"
V" Kp+ [Dn

5.84
The parameters in equation 5.84 were obtained by non-linear least squares method
(Ogunlusi et al., 2013; Ogunlusi et al., 2016; Laguta et al., 2018b) and the results are

shown in Tables 4.56 — 4.63.

The large values of binding constant (K) is in agreement with the observed
significant catalysis/inhibition of the electron transfer rate in surfactant media (Ogunlusi et

al., 2013; Ogunlusi et al., 2016).

The obtained values of n > 1 are in agreement with earlier observation of
Piszkiewicz, as indices of positive cooperativity. These values have previously been
interpreted as indicative of existence of premicellar aggregates (Pandey and Upadhyay,
2005; Ogunlusi et al., 2013; Ogunlusi et al., 2016). The obtained non-integer values of the
n parameter values imply multiple equilibria in the formation of a catalytic micelle
(Piszkiewicz, 1977; Laguta et al., 2018b).

5.10.3 Reaction mechanism in the presence of surfactants

In determining the mechanism of the reaction catalysis/inhibition by surfactants, the
possible factors to be considered include:

a) coulombic attraction/repulsion between the positively charged salphen metal
complexes and the anionic/cationic surfactants respectively,
b) electrostatic attraction/repulsion between the RA and the charged head groups of the

surfactants,
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C) electrostatic attraction due to the interaction between the aromatic m-electrons of
salphen ligands of the metal complex and the positive charge density on the
nitrogen of the quartenary ammonium ion of the head group of CTAB (Aschia et
al., 2002; Wang et al., 2006) or repulsion due to the interaction between the
aromatic m-electrons of the salphen ligands of the metal complex and the negative
charge of sulphur ion on the head group of SDS (Schottel et al., 2008; Geronimo et
al., 2011),

d) hydrophobic interaction between the hydrophobic ligands of the salphen complexes
and the hydrophobic region of the surfactants, and

e) a possible hydrophobic interaction between the RA and the hydrophobic region of
the surfactants (Ogunlusi et al., 2016).

A possible arrangement of the reactants is depicted in Scheme 5.2 indicating the

probable reaction site in the stern layer of a micelle (Singh, 2014).

If both S and RA are more hydrophobic, they are retained just under the stern layer
in the micelle, and as such, the observed reaction catalysis. Catalysis is also observed when
both S and RA are attracted to the micellar surface and hence confined within the stern

layer (Olanrewaju et al., 2011).

However, if S is more hydrophobic than RA, the later is retained in the stern layer,
or much more in the aqueous phase outside the micelle while the former is just below the
stern layer. This partitioning of RA and S in different layers with increased inter-nuclear

distance results in the observed reaction inhibition (Ogunlusi et al., 2016).
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Scheme 5.2: Model showing probable location of reactants in micellar pseudophase

The reaction rate was catalysed in the presence of CTAB and SDS in the reactions
of TSH with [Fe(salphen)]” and [Mn(salphen)]" respectively. From electrostatic interaction,
it is expected that [Fe(salphen)]” and [Mn(salphen)]” will be repelled by the positively
charged head group of CTAB and attracted by the negatively charged head group of SDS.
However, the hydrophobic interactions between the salphen ligand of the metal complexes
and the hydrophobic region of the surfactants is much higher than their electrostatic

interactions.

Also, the existence of hydrophobic interactions between TSH and the surfactants
leads to the reactants (TSH and [Fe(salphen)]” or TSH and [Mn(salphen)]*) being confined

in the region around the stern layer, just below it (Scheme 5.2). This reduced internuclear
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distance between (TSH and [Fe(salphen)]” or TSH and [Mn(salphen)]*) will lead to the

reaction catalysis observed in this reaction.

The reaction rate was inhibited in the presence of SDS in the reactions of H,0, with
[Fe(salphen)]” and [Mn(salphen)]®. Also, CTAB inhibited the reaction rate of H,O,
reaction with [Fe(salphen)]” while it catalysed the reaction of H,O, with [Mn(salphen)]".
However, the proposed reactive species of H,O; in this reaction from the experimental
results is the HO, anion. Therefore, from electrostatic interaction, [Fe(salphen)]® and
[Mn(salphen)]” should be repelled by the positively charged head group of CTAB while
HO, will be attracted by it. Also, [Fe(salphen)]” and [Mn(salphen)]” will be attracted by

the negatively charged head group of SDS while HO,™ will be repelled by it.

However, the hydrophobic interactions between the salphen ligand of the metal
complexes and the hydrophobic region of the surfactants is much higher than their
electrostatic interactions, while no hydrophobic interaction exists between the HO," anion
and the surfactants. As such, the HO,™ anion is partitioned far away from the stern layer,
possibly in the bulk aqueous phase while [Fe(salphen)]” and [Mn(salphen)]” are retained in
the stern layer (Scheme 5.2). This partitioning of the HO, anion and [Fe(salphen)]” and
[Mn(salphen)]” respectively in different layers with increased internuclear distance results

in the reaction inhibition observed in the presence of SDS.

However, the catalysis observed in the presence of CTAB for the reaction of HO,
anion and [Mn(salphen)]” could be as a result of the electrostatic attraction that exists
between the HO,™ anion and the positively charged head group of CTAB which retains both
the HO,™ anion and [Mn(salphen)]” in the stern layer. This reduced internuclear distance

between [Mn(salphen)]* and HO, led to the observed reaction catalysis.
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The reaction rate was catalysed in the presence of CTAB and SDS in the reaction of
[Fe(salphen)]” with H,C,0,. It is expected from the view point of electrostatic interaction
that [Fe(salphen)]” will be repelled by the positive charged head group of CTAB and
attracted by the negative charged head group of SDS. However, the hydrophobic
interactions between the salphen ligand of the metal complex and the hydrophobic region
of the surfactants is much higher than their electrostatic interactions. Also the existence of
hydrophobic interactions between H,C,0,4 and the surfactants causes the two reactants to be
confined in the region around the stern layer, just below it (Scheme 5.2). This led to the

observed reaction catalysis.

The reaction rate was catalysed in the presence of SDS in the reaction of
[Mn(salphen)]” with SCN™ while CTAB inhibited it. When coulombic interaction is
considered, [Mn(salphen)]* will be repelled by the positively charged head group of CTAB
and attracted by the negatively charged head group of SDS. However, the hydrophobic
interactions between the salphen ligand of the metal complex and the hydrophobic region
of the surfactants is much higher than their electrostatic interactions. Also, a repulsion
should exist between SCN™ and SDS head group while an attraction should occur between
the ion and the head group of CTAB. The possible absence of hydrophobic interactions
between SCN™ and the surfactants indicates that the SCN™ ion is partitioned far away from
the stern layer, possibly in the bulk aqueous phase while [Mn(salphen)] is retained in the

stern layer (Scheme 5.2).

This partitioning of SCN™ ion and [Mn(salphen)]” in different layers with increased
internuclear distance results in the observed reaction rate inhibition in CTAB. However, in

the presence of SDS, [Mn(salphen)]” interacts considerably with the head group of SDS
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and in the stern layer together with the SCN™ ion. This leads to the two reactants being

confined in the stern layer (Scheme 5.2) and hence the observed reaction rate catalysis.

The reaction rate was inhibited in the presence of CTAB and SDS in the reaction of
[Mn(salphen)]” with RSH. Recall that the proposed reactive species of RSH in this reaction
from the experimental results is HRSH® ion. Therefore, considering electrostatic
interaction, [Mn(salphen)]” will be repelled by the positive charged head group of CTAB
and attracted by the negative charged head group of SDS. However, the hydrophobic
interactions between the salphen ligand of the metal complex and the hydrophobic region

of the surfactants is much higher than their electrostatic interactions.

Also the possible absence of hydrophobic interactions between HRSH™ and the
surfactants indicates that the HRSH" ion is partitioned far away from the stern layer,
possibly in the bulk aqueous phase while [Mn(salphen)]” is retained in the stern layer
(Scheme 5.2). This partitioning of the HRSH" ion and [Mn(salphen)]” in different layers

with increased internuclear distance results in the observed reaction inhibition.

The reaction was catalysed in the presence of SDS in the reaction of [Mn(salphen)]”
with S(CH,CH,0H), while CTAB inhibited the reaction. Also recall that the reactive
species of S(CH,CH,OH), proposed earlier from the experimental results is
HOCH,CH,SCH,CH,O" ion. Therefore, from the consideration of electrostatic interaction,
[Mn(salphen)]” will be repelled by the positively charged head group of CTAB and
attracted by the negatively charged head group of SDS. However, the hydrophobic
interactions between the salphen ligand of the metal complex and the hydrophobic region

of the surfactants is much higher than their electrostatic interactions. Also, a repulsion

296



should exist between HOCH,CH,SCH,CH,O" and SDS head group while an attraction

should occur between the ion and the head group of CTAB.

The possible absence of hydrophobic interactions between HOCH,CH,SCH,CH,0O"
and the surfactants indicates that the HOCH,CH,SCH,CH,O" ion is partitioned far away
from the stern layer, possibly in the bulk aqueous phase while [Mn(salphen)]” is retained in
the stern layer (Scheme 5.2). The partitioning of HOCH,CH,SCH,CH,O" ion and
[Mn(salphen)]” in different layers with increased internuclear distance results in the
reaction rate inhibition observed in CTAB. However, in the presence of SDS,
[Mn(salphen)]” interacts considerably with the head group of SDS and in the stern layer
together with the HOCH,CH,SCH,CH,O" ion. This causes the confinement of the two

reactants in the stern layer (Scheme 5.2) and hence the observed reaction catalysis.
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CHAPTER SIX

6.0 SUMMARY, CONCLUSION AND RECOMMENDATIONS
6.1 Summary

The kinetics of the reduction of [Fe(salphen)]” by TSH, H,C,04, H3PO, and H,0,
and [Mn(salphen)]” by H,0,, TSH, RSH, SCN", H,NNHCSNH, and S(CH,CH,0OH), were
studied in mixed aqueous medium (DMSO:H,0; 1:4 v/v). For the reactions involving
[Fe(salphen)]”, the stoichiometric studies showed that one mole of [Fe(salphen)]” was
consumed per mole of TSH whereas two moles of [Fe(salphen)]” were consumed by one
mole each of H3PO, and H,0, and two moles of [Fe(salphen)]” by three moles of H,C,0..
The results also showed that one mole of [Mn(salphen)]* was consumed per mole each of
TSH, RSH and SCN™ whereas two moles of [Mn(salphen)]” were consumed by one mole
each of H,0,, H,NNHCSNH, and S(CH,CH,0H),.

The kinetic study showed a first order dependence in both [oxidant] and [reductant]
for all the reactions and therefore, second order overall. The reaction rates were
independent of [H'] in the reactions of TSH, H,C,04 and H3PO, with [Fe(salphen)]” and in
the reactions of TSH, SCN™ and H,NNHCSNH, with [Mn(salphen)]* while for the reactions
involving H,0, and S(CH,CH,0H),, inverse acid dependence was obtained whereas RSH
— [Mn(salphen)]" reaction showed a linear dependence.

The ionic strength of the reaction medium had no effect on the reactions of TSH,
H,C,0,4 and HsPO, with [Fe(salphen)]” as well as that of TSH and H,NNHCSNH, with
[Mn(salphen)]” but were found to be dependent on the rate of H,O, — [Fe(salphen)]”
reaction and the rate of H,O,, RSH, SCN" and S(CH,CH,OH), reactions with

[Mn(salphen)]”. Dielectric constant of the reaction medium had an effect on the reaction
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rate of all the reactions except in the reactions of TSH, H,C,O, and H3PO, with
[Fe(salphen)]” and in the reaction of TSH with [Mn(salphen)]*, where no effect was
observed.

Added ion catalysis or inhibition was observed in all the reactions except in H,C,04
- [Fe(salphen)]” reaction where none was observed. Free radical polymerisation was
observed in all the reactions except in H,C,O, - [Fe(salphen)]” reaction. Also,
spectroscopic evidence showed no shift in Amax in all the reactions except in the reaction of

RSH with [Mn(salphen)]” where a slight shift was observed and Michaelis — Menten plot of

1 . . . .
- Versus ] had zero intercept for all the reactions except in H,O, reactions, where
1

[reductant]
an intercept was obtained. The results indicated the probable occurrence of outer sphere
mechanism in all the reactions.

The reaction rates were affected by the presence of surfactants (SDS and CTAB)
and the results were analyzed using the kinetic model of Piszkiewicz, which indicated the
existence of pre-micellar aggregates in the reactions. In addition, electrostatic and
hydrophobic interactions exist between the metal complexes and the micellar aggregate of
the surfactants.

The metal complexes are largely resistant to reduction due to the presence of
salphen ligand containing m-electrons which stabilizes the metals in their +3 oxidation
states. This stability is consistent with hard acid — hard base interactions.

In addition, the large binding constants observed and the positive cooperativities

indicate the existence of a substantial interaction between the complexes and the micelles.
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6.2  Conclusion

The  reduction of iron(lll) and  manganese(lll)  complexes  of
bis(salicylidene)phenylenediamine by some reductants in mixed aqueous and surfactant
medium have been studied. From the findings, the reactions were second order overall and
first order with respect to the concentrations of the oxidants and reductants. Also, all the
reactions occurred through the outer-sphere mechanism. The findings of the Piszkiewicz
model analysis of the kinetic data in the presence of surfactants predicted the existence of
pre-micellar aggregates. The findings from the study also established the existence of
significant electrostatic and hydrophobic interaction between the metal complexes and the
micellar aggregates of the surfactants, hence, the observed catalysis or inhibition. The study
also gives an alternative route to the generation of thiyl (TS"), hydroperoxide (HO;") and
hypophosphite (H,PO,") radicals which are important in the formation of the
deoxyribonucleic acids, Fenton process and in organic syntheses respectively.
6.3  Recommendations

The following recommendations are made:

i) Further studies should be carried out on other metal-salphen complexes such as
[Cr(salphen)]” and [Ni(salphen)].

i) The effect of non-ionic, zwitter-ionic and mixed surfactants should be studied in
order to understand other modes of complex-surfactant interactions.

iii) The use of other kinetic models such as Berezin, Pseudophase ion exchange (PIE)
and Raghavan and Srinivasan models should also be used for possible interpretation
of the reaction rate in the presence of surfactants.

iv) Further studies should be carried out by the application of computational techniques

to support the experimental data.
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APPENDICES

Appendix I: FTIR spectrum of salphen
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Appendix I11: FTIR spectrum of [Mn(salphen)]”
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Appendix IV: FTIR spectrum of the product of reaction of TSH and [Fe(salphen)]
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Appendix V: FTIR spectrum of the product of reaction of TSH and [Mn(salphen)]*
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Appendix VI: FTIR spectrum of the product of reaction of RSH and [Mn(salphen)]”
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Appendix VII: FTIR spectrum

of the product of reaction

of S(CH2CH20H)2 and
+
[Mn(salphen)]
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