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Abstract

Supporting electrolytes are used in excess amount for making the electrochemical
process purely diffusional for the electroanalysis. The addition of supporting
electrolytes is essential for the successful performance of electrochemical
experiments. It decreases the solution resistance and suppresses the electrostatic
migration of ionic species towards the electrodes to achieve a diffusion-controlled
process. Although supporting electrolytes have advantages, but still, it has some
problems. The problems are; it mostly increases the ionic strength of the solution and
greatly affects the activities of ions present in the solution. Water structure modifier
can be an alternative option to replace supporting electrolytes for electroanalysis. In
this work, we added a water structure breaker, urea, non-electrolyte in aqueous
solution to achieve the diffusion-controlled process. It has been observed that urea can
increase the conductivity of the solution by the alteration of the water-structure.
Different concentrations of urea have been added to the solution of various salts, such
as iron, lead, cadmium in absence and presence of an insufficient amount of supporting
electrolyte and their electrochemical behavior has been observed by cyclic
voltammetry (CV). Shift in electrochemical peak potential and peak current support
the influence of urea on electroanalysis. It has been also observed that a diffusion-
controlled calibration is possible in the presence of urea. On the other hand, the
addition of fructose, water-structure maker increases aqueous solution resistance and
resulted in difficulties in achieving the diffusion-controlled process without supporting
electrolytes. Therefore, we think and hope that this process will be very helpful for
establishing a conceptual basis for proposing an alternate procedure in developing a

low-cost electrochemical protocol for the electroanalysis of metal ions.

Keywords: supporting electrolyte (KCl); urea; fructose; cyclic voltammetry (CV);
metal ions (Fe**, Pb?" and Cd*")
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CHAPTER 1

Introduction

1.1 General Introduction

Voltammetric and amperometric measurements have been broadly used in the
laboratory for the electroanalysis of metal ions in aqueous medium [1, 2]. The excess
supporting electrolyte is usually added to the analyte solution for making the process
purely diffusional [3]. Added supporting electrolyte significantly increases solution
conductivity [4] and decreases the ohmic potential drop [5], which greatly reduces the
influence of the electric field produced by the electrode in the electrochemical
measurements [6]. However, the addition of supporting electrolyte can introduce many
complications. It mostly increases the ionic strength of the solution [7] and greatly
affects the activities of ions present in the solution [8]. It also affects the mobility of
analytes. Moreover, the interactions between the supporting electrolyte and the analyte
can be significant and should not be completely ignored. There have been many
approaches to avoid the use of supporting electrolytes in electrochemical
measurements, such as the use of microelectrodes, rotating disk electrodes, etc [9]. But
these techniques are associated with the expensive price of materials and complicacy

in measurements for practical applications.

The water structure modification would be a new way of finding an alternative way of
supporting electrolytes [10, 11]. In this research, we use different water structure
modifiers such as urea and fructose to alter the normal structure of water. Variation of
water structure paves the way of releasing bound protons (H") in aqueous solution.
The high mobility of protons (five times faster than K™ and CI) will increase the
solution conductivity and decrease the solution resistance. Hence the electrochemical
process will be diffusion controlled. Therefore the concentration of metal ions can be

determined in the absence of supporting electrolytes through electroanalysis.



In this work, we performed cyclic voltammetry and recorded the electrochemical
signals; cathodic peak current, anodic peak current, cathodic peak potential, and anodic
peak potential with the gradual addition of water structure modifiers. The
electrochemical behavior of different metal ions has also been studied in the absence
of supporting electrolytes and in the presence of water structure modifiers. Initially,
the effect of supporting electrolytes and water structure modifiers has been compared
for the determination of metal ions by electroanalysis. Afterwards, a relationship
between the electrochemical signals of metal ions and their corresponding
concentration has been established in the presence of a small amount of supporting
electrolyte and in the presence of water structure modifiers such as urea and fructose.
Additionally, the determination of metal ions by electroanalysis has been investigated
in the presence of a small amount of supporting electrolytes. Here the conceptual scope
of the electrochemical analysis in absence of supporting electrolytes has been

discussed.

1.2 The Scope of Electrochemistry

Electrochemistry is the study of chemical processes that cause electrons to move. This
movement of electrons is called electricity, which can be generated by movements of
electrons from one element to another in a reaction known as an oxidation-reduction
reaction [12]. It involves chemical phenomena associated with charge separation.
Sometimes this charge separation leads to charge transfer, which can occur
homogeneously in solution, or heterogeneously on electrode surfaces [13]. In reality,
to assure electro-neutrality, two or more charge transfer half-reactions take place, in
opposing directions.

The importance of electrochemistry is undeniable we literally cannot live without
electrochemistry for proper cell function and transmission of signals through the
nervous system. It is also vital in a wide range of important technological applications.
For example, batteries are important not only in storing energy for mobile devices and
vehicles but also for load leveling to enable the use of renewable energy conversion

technologies [14]. It is used for the treatment of water [15]. It is involved in the



production of materials by electro-refining or electrodeposition as well as the

destruction of materials by corrosion [16].

1.2.1 Importance of electroanalysis

Electroanalytical techniques are concerned with the interplay between electricity and
chemistry, namely the measurements of electrical quantities, such as potential, current,
or charge, and their relationship to chemical parameters [17]. Such a case of electrical
measurements for analytical purposes has found a vast range of applications, including
environmental monitoring, industrial quality control, and biomedical analysis. Indeed,
electrochemical probes are receiving a major share of the attention in the development

of chemical sensors.

In contrast, many chemical measurements that involve homogeneous bulk solutions
[18], electrochemical processes that take place at the electrode solution interface [19].
The distinction between various electroanalytical techniques reflects the type of
electrical signal used for the quantitation. The two principal types of electroanalytical
measurements are potentiometric and potentiostatic [20]. Both types require at least
two electrodes (conductors) and a conducting sample (electrolyte) solution, which
constitutes the electrochemical cell. The electrode surface is thus a junction between

an ionic conductor and an electronic conductor.

One of the two electrodes responds to the target analyte and is thus termed the working
electrode. The second one is the reference electrode whose potential is constant and it
is independent of the sample composition [21]. Electrochemical cells can be classified
as electrolytic when they consume electricity from an external source or galvanic if
they are used to produce electrical energy. Potentiometry is of great practical
importance, is a static (zero current) technique in which the information about the
sample composition is obtained from the measurement of the potential established
across a membrane [22]. Controlled potential (potentiostatic) techniques deal with the

study of charge- transfer processes at the electrode-solution interface and are based on



dynamic (no zero current) situations [23]. Here, the electrode-potential is being used

to derive an electron-transfer reaction and the resultant current is measured.

1.3 The Nature of Electrode Reactions

Electrode reactions are heterogeneous and take place in the interfacial region between
electrode and solution [24], the region where charge distribution differs from that of

the bulk phases. The electrode process is affected by the structure of this region.

However, we first assume that there is no effect apart from charge separation. At each
electrode, charge separation can be represented by capacitance and the difficulty of
charge transfer by a resistance [25]. For the rest of this and the ensuing sections, we
consider only one of the electrodes. The electrode can act as only a source for reduction
or a sink for the oxidation of electrons transferred to or from species in solution [19],
as in

O4+ne” 5 R (D)
Where O and R are the oxidized and reduced species respectively.
Alternatively, it can take part in the electrode reaction, as in dissolution of a metal M:

M-> M"Y 4+ne™ .o (2)
In order for electron transfer to occur, there must be a correspondence between the
energies of the electron orbitals where transfer takes place in the donor and acceptor.
In the electrode, this level is the highest filled orbital, which is metal is the Fermi
energy level, EF [26]. Insoluble species, it is simply the orbital of the valence electron

to be given or received.

Thus for a reduction, there is a minimum energy that the transferable electrons from
the electrode must have before transfer can occur [27] which corresponds to a
sufficiently negative potential for an oxidation, there is a maximum energy that the
lowest unoccupied level in the electrode can have in order to receive electrons from
species in solution, corresponding to a sufficiently positive potential [28]. The values
of the potentials can be controlled externally. In this way, we can control which way

an electrode reaction occurs and to what extent. However, before this, we return to the



structure of the interfacial region. The change in charge distribution from the bulk in
this region means that the relevant energy levels in reacting species and in the electrode
are not the same as in the bulk phases, and soluble species need to adjust their
conformation for electron transfer to occur. These effects should be corrected for in
the treatment of kinetics of electrode processes [29] the thinner the interfacial region
the better and this can be achieved by the addition of a large concentration of inert

electrolyte.

1.4 Faradaic Processes

The objective of controlled-potential electroanalytical experiments is to obtain a
current response that is related to the concentration of the target analyte [30]. This
objective is accomplished by monitoring the transfer of electrons during the redox
process of the analyte:
O+ne”™ SR 3)

Where, O and R are the oxidized and reduced forms respectively, of the redox couple.
Such a reaction will occur in a potential region that makes the electron transfer
thermodynamically or kinetically favorable [31]. For systems controlled by the laws
of thermodynamics, the potential of the electrode can be used to establish the
concentration of the electroactive species [Co (0, t) and Cr (0, t)] at the surface
according to the Nernst equation [32, 33]:

23RT  Co(0, £) o) (4)

E=E°+
nfF 297C,0,0

Where E° is the standard potential for the redox reaction, R is the universal gas constant
(8.314 JK 'mol™), T is the kelvin temperature, n is the number of electrons transferred

in the reaction, and F is the Faraday constant ( 96,487 coulombs).

On the negative side of E°, the oxidized form tends to be reduced, and the forward
reaction (i.e. reduction) is more favorable. The current resulting from a change in the
oxidation state of the electroactive species is termed the faradaic current because it
obeys Faraday’s law (i.e. the reaction of 1 mole of substance involves a change of

nx96,487 coulombs).



The faradaic current is a direct measure of the rate of the redox reaction. The resulting
current-potential plot, known as the voltammogram, is a display of the current signal
(vertical axis) versus the excitation potential (horizontal axis). The exact shape and
magnitude of the voltammetric response are governed by the processes involved in the

electrode reaction.

The total current is the summation of the faradaic currents for the sample and blank
solutions, as well as the nonfaradaic charging background current.

Simple reactions involve only mass transport of the electroactive species to the
electrode surface, the electron transfer across the interface and the transport of the

product back to the bulk solution [34].

1.4.1 Mass transport controlled reactions

Mass transport occurs in three different modes:

% Diffusion:
The spontaneous movement under the influence of concentration gradient [35] (i.e.
from regions of high concentration to regions of lower concentration), aimed at
minimizing concentration differences.

¢ Migration:
Movement of charged particles along an electrical field [36] (i.e. the charge is
carried through the solution by ions according to their transference number).

¢ Convection:
Transport to the electrode by a gross physical movement [37], such fluid flow
occurs with stirring or flow of the solution and with rotation or vibration of the
electrode (i.e. forced convection) or due to density gradients (i.e. natural

convection).

These modes of mass transport are illustrated in fig. 1.4.1.1.
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Figure 1.4.1.1 The three modes of mass transport

1.5 Cyclic Voltammetry

It is the most widely used technique for acquiring qualitative information about
electrochemical reactions [38]. The power of cyclic voltammetry results from its
ability to rapidly provide considerable information on the thermodynamics of redox
processes, on the kinetics of homogeneous electron transfer reactions and on coupled

chemical reactions or adsorption processes [39, 40].

It is often the first experiment performed in an electroanalytical study. It offers a rapid
location of redox potentials of the electroactive species and convenient equation of the
effect of media upon the redox process [41]. A CV consists of scanning linearly the
potential of a stationary working electrode using a triangular potential waveform [42,

43]1n fig. 1.5.1.
4

Voltage

Va

Time

Vb

Figure 1.5.1 Potential time excitation signal in the cyclic voltammetric experiment



The CV is based on a linear potential waveform; that is, the potential is changed as a
linear function of time [44] (fig. 1.5.1). Thus, a voltammogram is a display of current
versus potential. The rate of change of potential with time is referred to as the scan
rate. The potential is measured between the reference electrode [45] and the working
electrode [46] and the current is measured between the working electrode and the
counter electrode. This data is then plotted as current (7) vs. potential (E) (Figure 1.3).
As the waveform shows, the forward scan produces a current peak for any analyte that
can be reduced through the range of the potential scan. The current will increase as the
potential reaches the reduction potential of the analyte, but then falls off as the
concentration of the analyte is depleted close to the electrode surface [47]. As the
applied potential is reversed, it will reach a potential that will re-oxidize the product
formed in the first reduction reaction, and produce a current of reverse polarity from
the forward scan. This oxidation peak will usually have a similar shape to the reduction

peak [48].

Figure 1.5.2 Typical cyclic voltammogram

As a result, information about the redox potential and electrochemical reaction rates
of the compounds is obtained. The important parameters for a CV are the peak
potentials; anodic peak potential (Epa), cathodic peak potential (Epc) and peak currents;
anodic peak current (ipa), cathodic peak current (ipc) and half-wave potential (Ei»),
which are measured using the Peak Parameters operation. If a redox system remains

in equilibrium throughout the potential scan, the redox process is said to be reversible



[49] (equilibrium) requires that the surface concentrations of oxidant (O) and reductant

(R) are maintained at the values required by the Nernst equation.

The following parameter values are used to characterize the CV of a reversible process
[50]:
» The separation of peak potential between the current peaks for all scan rates:

59 e, 5
DEp = Epq — Epe = — mV %)

Where n is the number of electrons
AEp is the peak potential separation
» The positions of peak potential do not alter as a function of the potential scan
rate.
» The ratio of the anodic to the cathodic peak current is equal to one.
» The cathodic and anodic peak currents are proportional to the square root of
the scan rate.

» The peak width is equal to 28.5/n mV for all scan rates.

1.5.1 Reversible system
The peak current for a reversible couple (at 25° C), is given by the Randles-Sevcik
equation [51]:

ip = (2.69 X 105)n3/2ADY2Cv 2. ..., (6)

Where,

ip 1s the peak current

n is the number of electrons

A is the electrode area (cm?, the Pt distance has a diameter of 2 mm)
D is the diffusion coefficient (cm®mol's™)

C is the concentration (mol cm™)

v is the scan rate (Vs™)

Accordingly, the current is directly proportional to concentration and increases with

the square root of the scan rate. The ratio of the reverse to forward peak currents, ipa/ipc,

10



is unity for a simple reversible couple. This peak ratio can be strongly affected by
chemical reactions coupled to the redox process. The current peaks are commonly
measured by extrapolating the preceding baseline current. The position of the peaks
on the potential axis (Ep) is related to the formal potential of the redox process.

The formal potential for a reversible couple is centered between Ep, and Ep. :

EO — Epa + Epc ................................. (7)
2
The separation between the peak potential (for a reversible couple) is given by
0.059 59 ®)
AEp = Epqg — Epe = - V=?mV

The peak separation can be used to determine the number of electrons transferred, and
as a criterion for a Nerstian behavior. Both the cathodic and anodic peak potentials are

independent of the scan rate. It is possible to relate the half-peak potential (Ep /2) to the

polarographic half-wave potential (E1 /2).

0.028
Er B 4 e 9)
/2 /2 n

Here, the sign is positive for a reduction process.

1.5.2 Study of a reaction mechanism

Electrochemical Mechanisms Involving Coupled Chemical Reactions [52]
» Reversible electron transfer, no chemical complications :
O+ne” =R
» Reversible electron transfer followed by a reversible chemical reaction,
EC mechanism

O+ne” =R

R &Z
» Reversible electron transfer followed by an irreversible chemical
reaction, EC mechanism:
0O+ne” =R
R &7

11



Reversible chemical reaction preceding an irreversible electron

transfer, EC mechanism:

Z o0
0O+ne” =R
Reversible electron transfer followed by an irreversible degeneration of

starting materials, catalytic mechanism:
0O+ne” =R
R+Z - 0
Irreversible electron transfer followed by an irreversible degeneration
of starting materials, catalytic mechanism:
0O+ne” =R
R+7Z - 0

Multiple electron transfer with intervening chemical reaction, ECE

mechanism:
O+ne =R
R =Y
Y+ne” =7

1.6 Supporting Electrolyte

A supporting electrolyte is an electrolyte containing chemical species that are not

electroactive which has an ionic strength and conductivity much larger than those due

to the electroactive species added to the electrolyte. Supporting electrolytes is also

sometimes referred to as inert electrolyte or inactive electrolyte.

Supporting electrolytes are widely used in electrochemical measurements when

control of electrode potentials is required [53]. This is done to increase the conductivity

of the solution, to practically eliminate the so-called IR drop, to eliminate the transport

12



of electroactive species by ion migration in the electric field, to maintain constant ionic

strength, to maintain constant pH, etc.

1.6.1 Effect of supporting electrolyte

An electrolyte solution, whose constituents are not electroactive in the range of applied
potentials being studied, and whose ionic strength is usually larger than the
concentration of an electroactive substance to be dissolved in it. Supporting
electrolytes are required in controlled-potential experiments to decrease the resistance
of the solution, eliminate electromigration effects, and maintain a constant ionic
strength while KCl, KNO3, ammonium chloride, NaOH or HCI are widely used when
water is employed as a solvent [54]. The composition of the electrolyte may affect the
selectivity of voltammetric measurements.

For example, the tendency of most electrolytes to complex metal ions can benefit the

analysis of mixtures of metals.

The supporting electrolyte should be prepared from highly purified reagents, and
should not be easily oxidized or reduced. The usual electrolyte concentration ranges
excess of 0.1 to 1.0 M i.e. in a large excess of the concentration of all electroactive

species.

1.7 Water Structure

Water molecules consist of two hydrogen atoms and one oxygen atom that is held
together by a covalent bond. Covalent bonds are formed between atoms that are
sharing electrons. Neighboring water molecules are held together by uneven charge;
this is hydrogen bonding. A dipole character of water causes hydrogen bonding.
Because of the tetrahedral structure, water molecules have uneven charge distribution.
Water is a compound made up of polar molecules. A polar molecule is a molecule in

which opposite ends have opposite electric charges [55].
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Figure 1.7.1 Water structure

1.7.1 Proton transport in water

Protons in water are inherently part of the water network. It is generally accepted that
a free proton in water does not exist, rather it will always be forming a hydronium ion
(H30"). Generally in chemistry, it is accepted that, when talking about a proton in

water, the hydronium cation is meant.

Protons in water have been found to form several complexes or cations that give a
more accurate description of their dynamics, these are the Eigen (HoO4") and Zundel

(HsO2") cationic complexes [56] as shown in fig. 1.7.1.1.

Figure 1.7.1.1 a. Eigen (HoO4") and b. Zundel (Hs0,") cationic complexes
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The Eigen complex consists of a hydronium cation surrounded by three water
molecules that are hydrogen-bonded to the three hydrogen atoms of the hydronium.
The Zundel complex consists of two water molecules both hydrogen-bonded to one

proton.

Figure 1.7.1.2 Grotthus mechanism or structural diffusion (a) Hydronium cation (b)

Zundel complex and (c) again a hydronium cation

A hydronium ion in water is surrounded by molecules that are almost the same, with
the only difference is one excess proton. The proton hopping mechanism or Grotthus
mechanism [57, 58] is the process where this excess proton hops over to a neighboring
water molecule as sown in fig.1.7.1.2. It involves the formation of the Eigen and
Zundel complex in order to pass on the excess proton from molecule to molecule.
Structural diffusion of protons [59] in water is a much faster process than vehicle
diffusion. That is because for structural diffusion the major entity that is transferred is

the charge which can easily be passed on from molecule to molecule.

1.7.2 Effect of urea on water structure

It 1s an organic compound with chemical formula CO(NH2). This amide has two —
NHa> groups joined by a carbonyl functional group. It is colorless, odorless solid, highly
soluble in water. Dissolved in water, it is neither acidic nor alkaline. Urea can serve as

a hydrogen source for subsequent power generation in fuel cells [60].
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Urea dissolves in water forming hydrogen bonds with water at both the amine and

carbonyl headgroups. The following phenomena are observed:

>

The addition of urea to water increases the solubility of hydrocarbon
gases while making them dissolve with a smaller evolution of heat is
interpreted as a primarily statistical phenomenon.

For this purpose, it is treated in terms of a skeleton model in which not
only is water presented as a two-species mixture of dense but also bulky
constituents.

Urea incorporates readily into the water, forming pronounced hydrogen
bonds with water at both the amine and carbonyl headgroups.

In addition to urea also hydrogen bonds to itself, forming chains or
clusters consisting of up to approximately 60 urea molecules in a cluster
[61].

Urea has described as a structure breaker, structure maker [62, 63] or a

remarkably neutral towards the water.

Figure 1.7.2.1 Solvation structure of the urea molecule. One of the water molecules

in the solvation shell shares two hydrogen bonds with urea
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The required potential for the electrolysis of pure water is 1.23 V at 25 °C. The
operating potential is actually 1.48 V or higher in practical electrolysis.

Urea has better hydrogen bonding capability with good hydrogen bond donor group
N-H and an acceptor group C=0. Urea tends to break the water cluster by their
increased capability of hydrogen bonding. So urea can be referred to as a structure

breaker modifier [64].

1.7.3 Effect of fructose on water structure

Fructose is a six-carbon polyhydroxy ketone. Crystalline fructose adopts a cyclic six-
membered structure owing to the stability of its hemiketal and internal hydrogen
bonding. This form is formally called D-fructopyranose. In water solution, fructose
exists as an equilibrium mixture of 70% fructopyranose and 22% fructofuranose, as
well as small amounts of three other forms including the acyclic structure. At lower
concentration D-fructose has the water cluster structure breaking capability [65], water
fructose interaction occurs and it acts as a water structure breaker [66] on the

temperature dependence of water structure.

On the other hand, at higher concentrations, the fructose-fructose interaction becomes
stronger as they aggregate surrounding water clusters which have a weak influence on

disrupting water clusters and acts as a water structure maker.

H,OH
?:20
HO—C—H
H—C—OH
a s
CH,OH

Figure 1.7.3.1 Fructose structure
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Figure 1.7.3.2 In water solution, fructose exists as an equilibrium mixture of 70%

fructopyranose and 22% fructofuranose
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1.8 Aims of Current Research

The major objectives of this research work are as follows:

1.

ii.

1il.

1v.

Vi.

Investigation of the effect of water structure modifiers in aqueous solutions

Study of the electrochemical behavior of different metal ions by different
electrochemical techniques in the absence of supporting electrolytes and in the

presence of water structure modifiers.

Comparison of the effect of supporting electrolytes and water structure

modifiers for the determination of metal ions by electroanalysis

Addition of information to the current state of understanding of water structure

modifications

Establishment of the comprehensive relationships between the amount of water
structure modifiers and concentration of analyte for determination by

electroanalysis

Developing the low-cost electrochemical protocols for electroanalysis of metal

ions
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CHAPTER 2

Experimental

2.1 Materials and Instrument

2.1.1 Chemicals and reagents
The chemicals and reagents used in this research were analytical grade and used
without further purification. The chemicals and reagents which were used in this
research are listed below:
I.  Potassium Chloride (KCI) (BDH)

II.  Urea (NH2-CO-NH;) (LOBA)

III.  Thiourea (NH>-CS-NH>) (Research Lab)

IV.  Fructose (BDH)

V.  Potassium Ferricyanide [K3Fe(CN)s] (Merck)

VI.  Cadmium Sulfate (LOBA)
VIL.  Lead Nitrate (E. Merck)

2.1.2 Cells and electrodes

Three electrodes were used for electrochemical measurements in this study are given
below:
I.  Platinum Electrode (PtE)
II.  Platinum wire (Pt)
III.  Silver Silver Chloride Electrode (Ag/AgCl RE)

PtE has been used as a working electrode (WE), Pt wire as a counter electrode and
Ag/AgCl as a reference electrode. WE where the reaction of interest occurs. RE
provides a stable and reproducible potential which is independent of the sample
composition. CE is a current-carrying electrode made of inert conducting metal. The
WE surface was mirror polished and was cleaned by polishing with 0.05 pg alumina

powder prior to each electrochemical measurement.
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2.1.3 Instruments

Analysis of the samples was performed using the following instruments:
1) Digital balance (AB 265/S/SACT METTLER, Toleto, Switzerland)
2) pH meter (LAQUA, F-74, HORIBA)

3) Conductivity meter (LAQUA, F-74, HORIBA)

4) Cyclic voltammetry measurement (797 VA Computrace, Metrohm)

2.2 Method of Preparation

The stock solution of different chemicals with desired concentration was prepared by
dissolving the required amount of chemicals in D.I. water in a 100 mL volumetric
flask. These solutions were further used for the preparation of different chemical
solutions of desired concentrations using the formulae V1S; = V2S,. All of the aqueous
solutions were prepared from deionized water. To ensure that contaminants were

absent.

2.2.1 Preparation of stock solution KCl
A stock solution of KCI1 was prepared by weighing the required amount of KCI in a
volumetric flask. Then deionized water was added up to the mark. For the

electrochemical study, the different concentrations of KCI were used.

2.2.2 A stock solution of potassium ferricyanide

A stock solution of potassium ferricyanide was prepared by dissolving the solid

reagent in deionized water to prepare the desired concentration.

2.2.3 Preparation of stock solution urea

The required amount of crystalline urea was dissolved to prepare a target concentration
of urea solution in the volumetric flask using deionized water up to the mark. Urea
solutions of various concentrations were prepared by means of dilution of this stock

solution.
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2.2.4 Preparation of stock solution fructose

A stock solution of fructose was prepared by dissolving the required amount of
fructose in a volumetric flask and up to the mark using deionized distilled water.
Fructose solutions of different concentrations were prepared by dilution of this stock

solution.

2.2.5 Preparation of stock solution cadmium sulfate

A stock solution of cadmium sulfate was prepared by dissolving the solid reagent in

deionized water to prepare the desired concentration in a volumetric flask.

2.2.6 A stock solution of lead nitrate

A stock solution of lead nitrate was prepared by dissolving the required amount of lead
nitrate in a volumetric flask. The solution was made up to the mark using deionized
distilled water. Lead nitrate solutions of various concentrations were prepared by

means of dilution of this stock solution.

2.2.7 Preparation of stock solution thiourea

A stock solution of desired concentration was prepared by dissolving the required
amount of thiourea in a volumetric flask. The solution was made up to the mark using
deionized water. Thiourea solutions of various concentrations were prepared by means

of dilution of this stock solution.

2.3 Measurements

2.3.1 Electrochemical measurements

The electrochemical measurement (Cyclic Voltammetry) of potassium ferricyanide
and urea in aqueous solution were accomplished in the presence and absence of
potassium chloride as supporting electrolyte [1]. Before to start the electrochemical
experiments, the measuring solutions were purged with N> to maintain an inert

atmosphere during the course of the experiments. The potential sweep rates, (v) lies in
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50 mVs!and 10 mVs™. All the electrochemical measurements have been carried out

at room temperature.

2.3.2 Conductivity measurements

An aqueous solution of urea was taken in a small beaker and placed in a thermostat
and gradually adding the urea solution of different concentrations. Specific
conductance [2] was measured by immersing the conductivity cell of the conductivity

meter in the corresponding solutions.
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CHAPTER 3

Results and Discussion

3.1 Effect of Conventional Supporting Electrolyte for the

Electroanalysis of Ferric Ion

To investigate the electroanalysis of ferric ion, we have used potassium ferricyanide
as an analyte which is soluble in aqueous solution [1]. The CV of 1 mM potassium
ferricyanide in aqueous solution was studied as a scan rate of 50 mVs™ at a Pt electrode
with different concentrations of KCl as the supporting electrolyte and Ag/AgCl as the
reference electrode. The potential was scanned from 600 to 0 mV followed by a reverse
scan from 0 to 600 mV in fig. 3.1.1 for 1 mM potassium ferricyanide and gradually
adding 10 to 400 mM aqueous KCI solution.

Figure 3.1.1 Cyclic voltammograms of 1 mM [Fe(CN)¢]*" in different concentration

of KCI aqueous solution at a scan rate 50 mVs!

It can be easily observed from fig. 3.1.1 that the current increases with an increase in
the concentration of KCI. This is because, when the control of electrode potentials is
required, to eliminate the transport of electroactive species by ion migration in the
electric field [2] and finally to increase the conductivity of the solution. This trend
indicates that the redox equilibrium shifts in the right direction with the increase of

electrolyte’s concentration. This observation is attributed to the stronger attractions
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between the reduced [Fe(CN)s]* species and the cations of supporting electrolyte and
can be clarified through the Nernst relation [3]. Specifically, the [Fe(CN)s]* species is
more sensitive to interactions with the cations of supporting electrolyte compared to
the oxidized species [Fe(CN)s]> species, since it is the most highly charged form of
the redox couple. Thus, the activity of the reduced species [Fe(CN)s]* decreases more
of the oxidized species [Fe(CN)¢]>” with increasing electrolyte concentration leading
to an increase of the activity ratio [Fe(CN)s]*/[Fe(CN)s]* and consequently, to an

increase of the equilibrium potential.

The cyclic voltammetric peak currents of [Fe(CN)s]>" in aqueous solution have been

plotted with the concentration of KCl in fig. 3.1.2.

Figure 3.1.2 Variation of a cathodic peak, an anodic peak current of | mM
[Fe(CN)6]* in different concentration of KCI aqueous solution at a scan rate of 50

mVs!

The cathodic peak current and anodic peak current increase with an increase in the
concentration of KCl (as shown in fig. 3.1.2 above) due to the decrease of solution
resistance.

It is interesting to mention that the ohmic drop effect tends to be reduced as the
concentration of supporting electrolyte increases resulting in an increase of peak
current density [4]. Supporting electrolyte needs one hundred times higher

concentration than analyte for the diffusional controlled process [5].
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It can be said that around 100 mM KCl is enough to get the stable current value and to

achieve diffusion-controlled currents.

Figure 3.1.3 Variation of cathodic peak potential, anodic peak potential of 1 mM
[Fe(CN)g]*" in different concentration of KCI aqueous solution at a scan rate of 50

mVs’!

From fig. 3.1.3 we can be observed that cathodic peak potential increases and anodic
peak potential decreases slightly and their peak potential separation decreases.
According to the theory [6], the smaller peak potential separation reflects faster
kinetics of electron transfer reaction. Furthermore, the increase of electrolyte’s
concentration improves the kinetics of the redox reaction since it reduces the barrier
of the interfacial electron transfer process. So it achieves a diffusion-controlled process

by getting stable peak potential.

3.1.1 Effect of conventional supporting electrolyte for the

electroanalysis of lead ion

The electrochemical behavior of lead nitrate was studied by CV measurements at PtE
as a working electrode and Ag/AgCl as a reference electrode. Fig. 3.1.1.1 illustrates
CV of 1 mM lead nitrate with 45 mM KCI and 100 mM KCl aqueous solution at the

scan rate of 10 mVs™.
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Figure 3.1.1.1 Cyclic voltammograms of 1 mM Pb** with different concentration of

KCl at a scan rate 10 mVs!

It can be easily observed that the current increases with an increase in the concentration
of KCI. This is because, when control of electrode potentials is required [2], to
eliminate the transport of electroactive species by ion migration in the electric field
and decrease the solution resistance.

Table 3.1.1.1 The values of peak currents of 1 mM Pb?" for different concentration

of KCl in aqueous solution

Concentration of KCI, Ipc Concentration of KClI, Ipa
mM mM
45 32.90 45 24.20
100 91.05 100 51.28

It can be noticed that one hundred times KCl is enough for getting stable current value
and to attain a diffusion-controlled process in case of 1 mM lead nitrate solution. As
electron transfers occur at the electrodes, the supporting electrolyte will migrate to
balance the charge and complete the electrical circuit. Therefore it has been mentioned
that large supporting electrolyte concentrations are necessary to increase solution

conductivity.
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3.1.2 Effect of conventional supporting electrolyte for the

electroanalysis of cadmium ion
Fig. 3.1.2.1 describes CV of 1 mM cadmium sulfate for 45 mM KCI and 100 mM KCl
aqueous solution at the scan rate of 10 mVs™'.
It can be observed that the current increases with an increase in the concentration of
KClI. This is because, when control of electrode potentials is required [6], to eliminate

the transport of electroactive species by ion migration in the electric field.

Figure 3.1.2.1 Cyclic voltammograms of 1 mM Cd** with different concentration of

KCl at a scan rate 10 mVs’!

Table 3.1.2.1 The values of peak currents of 1 mM Cd** with different concentration

of KCl in aqueous solution

The concentration of KCl, Ipc The concentration of KCl, Ipa
mM Mm
45 27.60 45 69.09
100 28.30 100 130.14

The cathodic peak current and anodic peak current increase with the increase of
supporting electrolytes and to achieve a diffusion-controlled process due to a decrease
of solution resistance. The conductivity of the solution is dependent on the

concentrations of the dissolved salt. Without the electrolyte available to achieve charge
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balance, the solution will be resistive to charge transfer. Therefore high absolute

electrolyte concentrations are necessary.

3.2 Effect of Urea with Conventional Supporting

Electrolyte for the Electroanalysis of Ferric Ion

CV measurements were carried out in an aqueous solution of 1 mM potassium
ferricyanide on a Pt electrode with 45 mM potassium chloride as the supporting
electrolyte and Ag/AgCl as the reference electrode and gradually adding urea
concentration from 0.1 to 5 mM at the scan rate 50 mVs™!' as shown below Fig. 3.2.1.
An increase in current with an increase in the concentration of urea can observe due to
the increasing proton transport rate. It is clear that potassium ferricyanide is
electrochemically active [7] in the presence of urea. It may affect the water structure.
One mechanism can be proposed to explain the action of urea in which urea acts as a

“water structure breaker”.

Figure 3.2.1 Cyclic voltammograms of 1 mM [Fe(CN)¢]*", 45 mM KCl and different

concentration of urea at a scan rate 50 mVs"!

The variation of current with an increase in the concentration of urea has been plotted

in fig. 3.2.2.
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Figure 3.2.2 Peak current vs concentration of urea containing 1 mM [Fe(CN)¢]*" and

45 mM KCl solution at a scan rate 50 mVs!

Fig. 3.2.2 shows that both the cathodic peak current and anodic peak current increase
with an increase in the concentration of urea for increasing proton transport rate and
decrease the solution resistance. The increase in current can be explained by the
chaotropic effect of urea (denaturation of protein in the presence of additives). This
indicates that potassium ferricyanide is free to move towards the electrode in the
presence of urea solution and results in the decrease in the electrostatic attraction
between urea and potassium ferricyanide species. So 5 mM urea is enough for getting

stable peak current value and to establish a diffusion-controlled process.

Figure 3.2.3 Peak potential vs concentration of urea containing 1 mM [Fe(CN)]*

and 45 mM KCl solution at a scan rate 50 mVs"!
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The cathodic peak potential increases and anodic peak potential decreases and their
peak potential separation decrease in presence of urea solution as shown in fig. 3.2.3.
This indicates weak -electrostatic interaction in the presence of urea between
[Fe(CN)6]* and KCI. Therefore we can say that it requires a diffusion-controlled
process for getting stable peak potential and 5 mM urea is enough to attain a diffusion-
controlled process.

The CV of 1 mM [Fe(CN)s]*> containing 45 mM KCl, 5 mM urea with 45 mM KCl
and 100 mM KCI has been shown in fig. 3.2.4

fith 5 mM Urea

—

Figure 3.2.4 Comparison among 45 mM KCl, 5 mM urea with 45 mM KCI and 100
mM KCl for 1 mM Fe*" at a scan rate 50 mVs!

It can be observed that from the curve addition of 5 mM urea with 45 mM KCl shows
higher current compare with 45 mM and 100 mM KCI due to a decrease of solution
resistance. Therefore, the addition of 5 mM urea with 45 mM KCI shows a higher
current than 45 mM KCI and establishes a diffusion-controlled process because of the

increasing proton transport rate.

3.2.1 Effect of urea with conventional supporting electrolyte for the
electroanalysis of lead ion

Fig. 3.2.1.1 illustrates cyclic voltammograms of 1 mM lead nitrate with 45 mM KCl
and gradually adding the concentration of urea from 0.5 to 5 mM aqueous solution at

the scan rate 10 mVs™'.
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Figure 3.2.1.1 Cyclic voltammograms of 1 mM Pb** containing 45 mM KCl and

different concentration of urea aqueous solution at a scan rate 10 mVs™!

It can be easily observed that the current increases slightly with an increase in the
concentration of urea due to a decrease in the solution resistance and significant change
occur in 5 mM urea.

The cyclic voltammetric peak currents of lead nitrate in aqueous solution have been

plotted with the concentration of urea in fig. 3.2.1.2.

—

Figure 3.2.1.2 Peak current vs concentration of urea at a scan rate of 10 mVs’!

It can be measured from fig. 3.2.1.2 that 5 mM urea may enough for obtaining a
diffusion-controlled process because of decreasing solution resistance and this
indicates the electrostatic interaction between the lead ion and KCl in the presence of

urea.
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3.2.2 Comparison of urea with conventional supporting electrolyte

for the electroanalysis of lead ion

The CV of 1 mM lead nitrate-containing 45 mM KCI, 5 mM urea with 45 mM KCI
and 100 mM KCI has been shown in fig. 3.2.2.1

A KCI
M KCl +5 mM urea
M KCI

-—
Cathodic wave

Figure 3.2.2.1 Comparison among 45 mM KCI, 5 mM urea with 45 mM KCI and
100 mM KCI for 1 mM Pb*" at a scan rate 10 mVs!

From fig. 3.2.2.1 it is confirmed that in case of 5 mM urea containing 45 mM KCI the
current is greater than 45 mM KCI but lower than 100 mM KCl and 5 mM urea
containing 45 mM potassium chloride is enough to get stable peak current value and
to achieve diffusion-controlled process because of decreasing solution resistance than
45 mM KCI. This establishes that lead nitrate-containing 5 mM urea with 45 mM KCI
as supporting electrolyte is free to move towards the electrode than 45 mM KCI
containing lead nitrate solution and results in the decrease in the electrostatic attraction

between lead nitrate and KCl in presence of urea.

3.2.3 Effect of urea with conventional supporting electrolyte for the

electroanalysis of cadmium ion

The cyclic voltammetric behavior of 1 mM cadmium sulfate with a 45 mM KCI

aqueous solution has been shown in fig. 3.2.3.1 at the scan rate of 10 mVs™.
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Figure 3.2.3.1 Cyclic voltammograms of 1 mM Cd*" with 45 mM KCl for different

concentration of urea at a scan rate 10 mVs’!
Here the current increases with an increase in the concentration of urea due to an

increase in proton transport rate.

Table 3.2.3.1 The values of peak currents of 1 mM Cd*" with 45 mM KClI for

different concentration of urea in aqueous solution

Concentration of Urea, Ipc Concentration of Urea, Ipa
mM mM
0.5 22.35 0.5 60.84
10 26.40 10 76.08

From table 3.2.3.1 it can be noted that the peak current increases with an increase in
the concentration of urea solution and 10 mM urea shows stable peak current value
and to achieve diffusion-controlled process because of decreasing solution resistance

and increases the solution conductivity.
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3.2.4 Comparison of urea with conventional supporting electrolyte

for the electroanalysis of cadmium ion

The cyclic voltammetric measurements of 1 mM cadmium sulfate have been plotted

with 5 mM urea containing 45 mM KCIl, 45 mM KCl and 100 mM KCl in fig. 3.2.4.1.

Figure 3.2.4.1 Comparison among 45 mM KCIl, 5 mM urea with 45 mM KCI and
100 mM KCI for I mM Cd*" at a scan rate 10 mVs’!

Here 5 mM urea containing 45 mM KCl shows the higher current than 45 mM KCI
but lower than 100 mM KCI and it can be confirmed that 5 mM urea is enough for
attaining stable current value and the process to be diffusional controlled because of

decreasing solution resistance.

3.3 Electrochemical Behavior of Ferric Ion with
Conventional Supporting Electrolyte in Presence of

Urea

Electrochemical responses of potassium ferricyanide are sensitive to the concentration
of 5 mM urea containing 45 mM KCl and gradually increasing the analyte

concentration has been shown in fig. 3.3.1.
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Figure 3.3.1 Cyclic voltammograms for different concentration of [Fe(CN)s]>” with

45 mM KCl in presence of 5 mM urea at a scan rate 10 mVs'!

Figure 3.3.2 Peak currents vs concentration of [Fe(CN)¢]*” with 45 mM KCl in

presence of 5 mM urea at a scan rate 10 mVs!

Both the cathodic peak current and anodic peak current increase sharply with the
increase in the concentration of potassium ferricyanide in fig. 3.3.2. As concentration
is increased more electroactive potassium ferricyanide is diffused to the electrode
surface [8], consequently current increases. Thus, the peak currents increase linearly
with an increase in the concentration of potassium ferricyanide (as shown in fig. 3.3.2)

and to attain a diffusion-controlled process due to a decrease of solution resistance.
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3.4 Effect of Fructose with Conventional Supporting

Electrolyte for the Electroanalysis of Ferric Ion

The cyclic voltammograms of 1 mM potassium ferricyanide with 45 mM KCl aqueous
solution and gradually adding the different concentrations of fructose with the

Ag/AgCl reference electrode at the scan rate 50 mVs™! have been plotted in fig. 3.4.1.

é\;a_

—

/f Cathodic wave

Figure 3.4.1 Cyclic voltammograms of 1 mM [Fe(CN)e]*” with 45 mM KCl and

adding the different concentration of fructose at a scan rate 50 mVs!

In fig. 3.4.1 the cyclic voltammograms of 1 mM potassium ferricyanide in 10 mM
fructose show a significant change in cathodic peak current and anodic peak current
because of the decrease of proton transport rate and it may affect the water structure.

Peak current vs concentration of fructose has been shown in fig. 3.4.2 at a scan rate of

50 mVs!.
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Figure 3.4.2 Peak current vs concentration of fructose-containing 1 mM [Fe(CN)s]*

solution and 45 mM KCl at scan rate 50 mVs™!

From fig. 3.4.2 it can be observed that the cathodic peak current and anodic peak
current decrease with an increase in the concentration of fructose at a scan rate of 50
mVs™! containing 45 mM KCl due to a decrease of proton transport rate and to indicate

high solution resistance and the process does not diffusional.

—_—

—_—

10

Figure 3.4.3 Peak potential vs concentration of fructose-containing 1 mM

[Fe(CN)s]* solution and 45 mM KCl at a scan rate 50 mVs!
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From curve 3.4.3 it can be shown that the cathodic peak potential decreases and anodic
peak potential increases slightly and their peak potential separation increases. This
reveals strong electrostatic interaction between the [Fe(CN)s]* and KCI in the

presence of fructose. Therefore we can say that it attains a non-diffusional process.

The cyclic voltammetric behaviors of 1 mM [Fe(CN)¢]*" with 10 mM fructose-
containing 45 mM KCl, 45 mM KCI and 100 mM KCI have been shown in fig. 3.4.4.

Figure 3.4.4 Comparison among 45 mM KCI, 10 mM fructose with 45 mM KCl and
100 mM KCI for 1 mM [Fe(CN)g]*" at a scan rate 10 mVs™!

From curve 3.4.4 it can be noticed that the addition of 10 mM fructose with 45 mM
KCI shows lower current compare with 45 mM and 100 mM KCI. Peak potential
separation increases with the addition of 10 mM fructose, the solution resistance
increases and the process is not diffusion-controlled in case of 10 mM fructose due to
a decrease of proton transport rate. Therefore, the decrease in peak current is observed

indicating high solution resistance and the process does not diffusional.
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3.4.1 Effect of fructose with conventional supporting

electrolyte for the electroanalysis of lead ion

CV measurements of 1 mM lead nitrate with 45 mM KCI aqueous solution have been

plotted at a scan rate of 10 mVs™in fig. 3.4.1.1.

1, mM

D 600 -400 -200 O
otential, E (mV vs. Ag/AgCl)

Figure 3.4.1.1 Cyclic voltammograms of 1 mM Pb** containing 45 mM KCl and

different concentration of fructose at a scan rate 10 mVs’!

Here the current decreases with an increase in the concentration of fructose. This is
because when the proton transport rate decreases and significant change can observe
in 10 mM fructose. This reveals that strong electrostatic interaction in the presence of
fructose between lead nitrate and potassium chloride. It may affect the water structure.
The cathodic peak current and anodic peak current have been shown with the

concentration of fructose in fig. 3.4.1.2.
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Figure 3.4.1.2 Peak current vs concentration of fructose-containing 45 mM KCl at a

scan rate 10 mVs™!

It is to be noted that the anodic peak current and cathodic peak current decrease with
an increase in the concentration of fructose solution due to higher solution resistance

and the process does not diffusional.

3.4.2 Comparison of fructose with conventional supporting

electrolyte for the electroanalysis of lead ion

Cyclic voltammetric behavior of 1 mM lead nitrate with 10 mM fructose-containing

45 mM KCl and 100 mM KCI at scan rate 10 mVs™! have been plotted in fig. 3.4.2.1.

Figure 3.4.2.1 Comparison among 45 mM KCI, 10 mM fructose with 45 mM and
100 mM KCI1 for 1 mM Pb?* at a scan rate 10 mVs™!
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Here in the case of 10 mM fructose-containing 45 mM KCIl the peak current is lower
than both 45 mM KCl and 100 mM KCI and does not achieve diffusion-controlled
process due to increasing solution resistance and their proton transport rate decrease

and their peak potential separation increase.

3.4.3 Effect of fructose with conventional supporting electrolyte for

the electroanalysis of cadmium ion

Fig. 3.4.3.1 represents cyclic voltammograms of 1 mM cadmium sulfate for 45 mM

KCl aqueous solution at the scan rate of 10 mVs™.

Figure 3.4.3.1 Cyclic voltammograms of 1 mM Cd*" with 45 mM KCI for different

concentration of fructose at a scan rate 10 mVs’!
Here the current decreases slightly with an increase in the concentration of fructose.

This is because when the proton transport rate decreases and current also decreases.

Table 3.4.3.1 The values of peak currents for 1 mM Cd** with 45 mM KCl for

different concentration of fructose in aqueous solution

Concentration of Fructose, Ipc Concentration of Fructose, ipa
mM mM
0.25 2542 0.25 59.13
10 26.40 10 51.69
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It can be noticed that the cathodic peak current increases slightly and the anodic peak
current decreases with an increase in the concentration of fructose due to higher

solution resistance.

3.4.4 Comparison of fructose with conventional supporting

electrolyte for the electroanalysis of cadmium ion

The cyclic voltammetric quantifications of 1 mM cadmium sulfate with 10 mM
fructose-containing 45 mM KCIl, 45 mM KCI and 100 mM KCI have been shown in
fig. 3.4.4.1.

Figure 3.4.4.1 Comparison among 45 mM KCI, 10 mM fructose with 45 mM KCI
and 100 mM KCl for 1 mM Cd*" at a scan rate 10 mVs!

From fig. 3.4.4.1 the current of 10 mM fructose-containing 45 mM KCl is lower than
both 45 mM and 100 mM KCI for I mM cadmium sulfate. It can be noted that the

process is not diffusional.
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3.5 Effect of Conventional Supporting Electrolyte in the
Presence of Thiourea for the Electroanalysis of Ferric

Ton

Cyclic voltammograms of 1 mM potassium ferricyanide with 50 mM thiourea and
gradually adding from 20 to 100 mM KCI aqueous solution at the scan rate 10 mVs™!
in fig. 3.5.1

e

Figure 3.5.1 Cyclic voltammograms of 1 mM [Fe(CN)]* in presence of 50 mM

thiourea for different concentration of KC1 at a scan rate 50 mVs"!

Here the current decreases significantly with an increase in the concentration of KCl

because of higher solution resistance and finally peak current signal has been stopped.

3.6 pH Measurement of Urea and Fructose in Aqueous

Solution

When the urea solution is added gradually, the pH value decreases slightly in fig. 3.6.1.
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Figure 3.6.1 pH vs different concentration of urea aqueous solution

From fig. 3.6.1 for 0.1 to 5 mM urea concentration pH range is 6.09 to 6.2 and it stands
for weakly acidic [9]. So it can be observed that there is no pH effect.

In contrast to when fructose is added gradually the pH value decreases in fig. 3.6.2.

Figure 3.6.2 pH vs concentration of fructose aqueous solution

From fig. 3.6.2 for 1 to 10 mM fructose concentration pH range is 5.75 to 5.98 and it
stands for weakly acidic [10]. Therefore it can be noticed that there is no pH effect on

fructose.
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Finally, it can be said that there is no effect of pH for urea and fructose and it shows

neutrality behavior.

3.7 Conductometric Measurement of Urea and Fructose in

Aqueous Solution

The plot of conductivity vs the concentration of urea in aqueous solution has been

shown in fig. 3.7.1.

Figure 3.7.1 Specific conductance vs different concentration of urea aqueous

solution

From a conductivity curve, it can be said that when the urea solution is added gradually
in aqueous solution, the conductivity has been increased due to the increase of more
charge-carrying ions and their mobility has been increased. It can be observed that

there was an effect of conductivity on urea and the proton transfer rate is increasing.

Conductivity vs concentration of fructose in aqueous solution has been plotted in fig.

3.7.2.
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Figure 3.7.2 Specific conductance vs different concentration of fructose aqueous

solution

In contrast to when fructose is added gradually the conductivity has been decreased.
Therefore it can be said that more charge-carrying ions have been decreased and its
mobility has been decreasing and finally the proton transfer rate is decreasing.

In the end, it can be said that urea and fructose have been used as water structure
modifiers and urea acts as a water structure breaker and fructose acts as a water

structure maker.

3.7.1 Proposed mechanism of interaction for urea and

fructose

When urea is added to water, a small amount of water-urea cluster is formed by
breaking of native water cluster. Urea increases the concentration of unbound water
and helps in the proton exchange rate. The movement of protons in water is influenced
by the ability to surround water molecules to reorient. So this increases the
reorientation rate of the water molecules and finally, the proton transfer is increasing
and to achieve a diffusion-controlled process. Therefore, they cause strong
electrostatic ordering of nearby waters by breaking hydrogen bonds as shown in fig.

3.7.1.1.
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Figure 3.7.1.1 Mechanism of interaction of urea with the water molecule
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Figure 3.7.1.2 Structural diffusion of the Zundel complex

Structural diffusion of the Zundel complex has been shown in fig. 3.7.1.2. The excess
proton is initially localized in the initial Zundel complex. The nearest neighbor water
molecule which forms a hydrogen bond with oxygen as shown above. In the final state,
this proton is bonded to oxygen, while another proton is now located inside the new
Zundel complex. As the structural diffusion of the proton is being very fast, the

solution resistance is decreasing and conductivity is increasing.
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Figure 3.7.1.3 Mechanism of interaction of fructose with the water molecule

This is the mechanism of interaction of fructose. Here fructose decreases the
concentration of unbound water because polar water molecules form multiple
hydrogen bonds with each fructose molecule. So the proton hopping capacity is

decreasing due to increasing solution resistance and decreasing conductivity.
3.8 Conclusion

In this research, the effect of water structure modifiers in aqueous solutions was
successfully investigated by cyclic voltammetric technique. Water structure modifiers
such as urea and fructose significantly change the electrochemical signal of metal ions
for the electroanalysis of metal ions. The effect of supporting electrolytes and water
structure modifiers has been compared for the determination of metal ions by
electroanalysis. Water structure breakers have successfully improved peak currents.
Water structure makers have decreased peak currents. The relationship between the
amount of water structure modifiers and concentration of analyte has been established
for the determination of metal ions by electroanalysis in the presence of a small amount
of supporting electrolyte. The determination of metal ions by electroanalysis is
possible in the presence of a small amount of supporting electrolytes such as potassium
chloride and in the presence of water structure modifiers such as urea and fructose.
The concentration of metal ions in aqueous solution has been determined from the
peak currents. This study will help in developing a low-cost electrochemical protocol

for electroanalysis of metal ions.
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