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ABSTRACT
Electroanalytical methods are, of course, restricted to determination of compounds, which can
undergo electrochemical oxidation or reduction in the available potential range, which depends
on the structure of the analyzed species. The key point in developing electrochemical sensing
for this simple but important molecule is to decrease the oxidation/reduction overpotentials to
circumvent endogenous electroactive species such as ascorbic acid, neurotransmitters,
electroactive drugs and their metabolites. In this context, accurate and representative analytical
information about chemical composition of bioactive molecule is essential for correct
assessment, interpretation, and solving of societal problems. Cow dung is one of the most
abundant wastes generated on earth and has been traditionally used as fertilizer and fuel in most
of the developing countries. In this study activated carbon is synthesized from cow dung by a
modified chemical activation method, where partially carbonized cow dung is treated with
KOH in different ratio. The synthesized activated carbon possesses a stable sensitive electrode
material for electroactive molecule determination.

Keywords:
Cow dung, electrochemical sensor, biomedical applications and graphene modified
electrodes.
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Square wave voltammetry
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Ion-selective electrode

CWE:

Coated wire electrodes

FET:

Field effective transistors

ISFET:
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Dropping mercury electrode
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CHAPTER 1
INTRODUCTION
Electro-analytical methods are the techniques employed in analytical chemistry to study an
analyte by measuring electrical quantities such as current, potential and relating them to the
chemical parameters. These methods are classified into three main categories, potentiometry (the
difference in the electrode potential is measured) colorimetry (the cell’s current is measured over
time) and voltammetry (the current is measured while actively altering potential).
The type of electrical signal used for the quantification defines distinction between various
voltammetry techniques. The branch of electrochemistry which now called as voltammetry was
developed from discovery of polarography in 1922 by the Czech chemist Jaroslav Heyrovsky for
which he received Nobel Prize in chemistry. Early voltammetric techniques had many problems,
limiting to their viability for everyday use in analytical chemistry. In 1942 Hickling built the first
three electrodes potentiostat. The 1960’s and 1970’s saw many advances in the theory,
instrumentation, and the introduction of computer added and controlled systems which improved
sensitivity and created new analytical methods. Industry responded with the production of
potentiostat, various types of electrodes, and cells that could be effectively used in analytical work.
Electrochemical methods with high sensitivity, selectivity, low cost, and time saving are
the prominent choice for the analysis. The study consists of the three-electrode system which
comprises of working electrode, reference electrode and counter electrode. Sensitivity and
selectivity of the technique depends on the surface as many oxidation and reduction takes place on
the surface. The properties can be enhanced by improving the analyte and surface interaction of
the electrode. Bare electrode pose problem such as high limit of Detection and electrode fouling
etc. Therefore, modified electrodes that detect lower concentration of analyte are to be developed.
Rise in nanotechnology has increased the use of nanoparticle in all fields. The bioactivity of these
particle differs due to varied surface properties such as energy level, electronic structure and
reactivity. Nanoparticles are of great scientific interest as they are, in effect, a bridge between bulk
materials and atomic or molecular structures. A bulk material should have constant physical
properties regardless of its size, but at the Nano-scale size-dependent properties are often observed.
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The high surface area to volume ratio of nanoparticles provides a tremendous driving force
for diffusion especially at elevated temperatures [2].
Owing to consumption of expensive precursor, energy as well as time, development of
simple low-cost strategies is still a foremost challenge for synthesis of nanostructured carbon
materials. Natural biomass-based organic materials, which are present ubiquitously on earth,
therefore have emerged as a plausible alternative for carbon precursor. Several biomass-based
materials such as rice straw, gelatin, pine needles, coffee bean, corn stalk, cow dung etc. are
employed to synthesize nanostructured carbon materials with high surface area and tunable
porosity. In developing world, cow dung has been used for centuries as cooking fuel, sanitizing
cleanser, construction material, insulation, and waterproofing for walls and floors in rural houses,
cultural symbol in religious worship, and raw-material for producing organic composite and
generating electricity. Despite of being a cheap and abundant source for synthesizing functional
carbon materials, cow dung has not been explored much. Cow dung is one of the most abundant
wastes generated on earth and has been traditionally used as fertilizer and fuel in most of the
developing countries. Cow dung is used as a carbon precursor. Activated carbon is synthesized
from cow dung by a modified chemical activation method. Synthesized activated carbon has high
surface area with suitable amount of mesopore [1].
Nanoparticles when immobilized on the electrode surface enhance the electrode surface
area which increase the catalytic behavior of the electrode. Graphene is used as the nanoparticle.
It is one of the most emerging material having unique physical and chemical properties. Graphene
nanoparticle show extensive application potential in various areas of energy, environmental and
biomedical science. Graphene has 𝑠𝑝2 hybridized planar honeycomb lattice structure with zero
energy band gap and having remarkable properties such as high conductivity, large surface area,
high mechanical and thermal stability. These properties offer graphene a valuable material in
various applied research such as in fuel cell catalysis, super capacitor, photo catalysis,
heterogeneous catalysis, water puriﬁcation, drug delivery and bio sensing. High charge carrier
mobility (up to105 𝑐𝑚2 𝑉 −1 𝑠 −1), high intrinsic strength (130 Gpa), high thermal conductivity at
room temperature (103 𝑊𝑚−1 𝐾 −1) and large surface area (>2000𝑚2 𝑔−1) compared to graphite
(10 𝑚2 𝑔−1) or carbon nanotube (1300 𝑚2 𝑔−1) have been utilized to make graphene based
nanocomposite for optical and electronic application.
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Cow dung

Extracted carbon

Graphene

Computer

GR/CD/CPE

Electrochemical
analyzer

Three
electrode cell

Graphite

Analyte/Analyte
with drug

Figure 1.1 Block diagram

The above represents the block diagram of the work. The extracted carbon from the cow
dung (CD) is mixed in proper proportion with graphene and graphite powder, filled in PTFE tube.
The obtained electrode is used as working electrode in three electrode cell. Analysis is done using
electrochemical analyzer for different analytes.

1.1

Motivation:
Cow dung is one of the most abundant wastes generated on earth and has been traditionally

used as fertilizer and fuel in most of the developing countries. This material can be used as a raw
material for the extraction of carbon.
The presence of certain molecules above the required concentration in the body may affect
the proper functionalities of the body system, hence it is important to monitor concentration of
certain drugs. Many works have been carried out to detect concentrations up to µM, but it is
necessary to detect concentrations up to nM in some cases.
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1.2

Objectives of the work:


Activated carbon is synthesized from cow dung by a modified chemical activation method,
where partially carbonized cow dung is treated with KOH in different ratio.



With unique and highly desirable morphology, chemical/thermal stability and
electrochemical properties, the graphene-based materials are paving way to the
implementation of mediator less electrochemical detection schemes with direct electron
transfer.

 Modification of the electrode surface using graphene nanocomposites by voltammetric
techniques, like cyclic voltammetry (CV), linear sweep voltammetry (LSV), differential
pulse voltammetry (DPV), square wave voltammetry (SWV) etc.

 Optimization of electrochemical parameters like supporting electrolyte pH, accumulation
time, modifier amount, temperature effect, scan rate for the determination.

 Analytical applications in Pharmaceutical Formulations and Biological sample analysis.
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CHAPTER 2
LITERATURE SURVEY
2.1

Electro Chemistry:
Electrochemistry is the branch of physical chemistry that studies the relationship between

electricity, as a measurable and quantitative phenomenon, and identifiable chemical change, with
either electricity considered an outcome of a particular chemical change or vice versa. These
reactions involve electric charges moving between electrodes and an electrolyte (or ionic species
in a solution). Thus electrochemistry deals with the interaction between electrical energy and
chemical change.
When a chemical reaction is caused by an externally supplied current, as in electrolysis, or
if an electric current is produced by a spontaneous chemical reaction as in a battery, it is called an
electrochemical reaction. Chemical reactions where electrons are transferred directly between
molecules and/or atoms are called oxidation-reduction or (redox) reactions. In general,
electrochemistry describes the overall reactions when individual redox reactions are separate but
connected by an external electric circuit and an intervening electrolyte [9].

2.1.1 Oxidation and Reduction:
The terms oxidation and reduction can be defined in terms of the adding or removing
oxygen to a compound. Oxidation is the gain of oxygen. Reduction is the loss of oxygen. Both
reduction and oxidation are occurring simultaneously, this is known as a redox reaction. An
oxidizing agent is substance which oxidizes something. A reducing agent reduces something.
Oxidizing agents give oxygen to another substance. Reducing agents remove oxygen from another
substance [9].

2.2

Electrochemical Sensor:
There are three main types of electrochemical sensors: potentiometric, amperometric and

conductometric.
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For potentiometric sensors, a local equilibrium is established at the sensor interface, where
either the electrode or membrane potential is measured, and information about the
composition of a sample is obtained from the potential difference between two electrodes.



Amperometric sensors exploit the use of a potential applied between a reference and a
working electrode, to cause the oxidation or reduction of an electroactive species; the
resultant current is measured.



On the other hand, conductometric sensors are involved with the measurement of
conductivity at a series of frequencies [4].

2.2.1 Potentiometric Sensors:
Potentiometric sensors have found the most widespread practical applicability since the
early 1930's, due to their simplicity, familiarity and cost. There are three basic types of
potentiometric devices: ion- selective electrodes (ISE), coated wire electrodes (CWE) and field
effect transistors (FET).
The ion selective electrode is an indicator electrode capable of selectively measuring the
activity of a particular ionic species. In the classic configuration, such electrodes are mainly
membrane-based devices, consisting of perm selective ion-conducting materials, which separate
the sample from the inside of the electrode. One electrode is the working electrode whose potential
is determined by its environment. The second electrode is a reference electrode whose potential is
fixed by a solution containing the ion of interest at a constant activity. Since the potential of the
reference electrode is constant, the value of the potential difference (cell potential) can be related
to the concentration of the dissolved ion. The detailed theory of the processes at the membrane
interface, which generate the potential, is available elsewhere.
The most widely used potentiometric device is the pH electrode, which has been used for
several decades. Its success is attributed to a series of undisputed advantages, such as simplicity,
rapidity, non-destructiveness, low cost, applicability to a wide concentration range and,
particularly, to its extremely high selectivity for hydrogen ions. Glass electrodes, based on a thin
ion-sensitive glass membrane, are the most common and they are available in many shapes and
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the in vivo determination of analytes sizes [3]. Nevertheless, measurements of pH can also be
performed using other types of potentiometric sensors. Application of glass electrodes for other
monovalent cations, including sodium, lithium, amonium and potassium sensors based on new
glass compositions, have also been reported. Although the use of glass membrane electrode to
measure the pH of solutions, has had enormous success, its utilization is limited to measurements
in aqueous media. Determinations of hydrogen ion in non-aqueous solutions require corrections.
Coated-wire electrodes (CWEs) were first introduced in the mid of 1970's by Freiser. In
the classical CWE design, a conductor is directly coated with an appropriate ion-selective polymer
membrane (usually poly (vinyl chloride, poly (vinylbenzyl chloride) or poly (acrylic acid) to form
an electrode system that is sensitive to electrolyte concentrations. The CWE response is similar to
that of classical ISE, with regard to detect ability and range of concentration. The great advantage
is that the design eliminates the need for an internal reference electrode, resulting in benefits during
miniaturization, for example. This is particularly useful for the in vitro and in vivo biomedical and
clinical monitoring of different kind of analytes.
Ion-selective field effect transistors (ISFET) work as an extension of CWE. ISFET
incorporate the ion-sensing membrane directly on the gate area of a field effect transistor (FET).
The FET is a solid–state device that exhibits high-input impedance and low-output impedance and
therefore is capable of monitoring charge buildup on the ion-sensing membrane. The construction
is based on the technology used to fabricate microelectronic chips and the great contribution is that
it is possible to prepare small multisensor systems with multiple gates, for sensing several ions
simultaneously, while their small size permits

2.2.2 Amperometric/Voltammetric Sensors:
"Amperometric sensor" is a term that is an anomaly in itself. In the context of
electroanalytical techniques, amperometric measurements are made by recording the current flow
in the cell at a single applied potential. On the other hand, a voltammetric measurement is made
when the potential difference across an electrochemical cell is scanned from one preset value to
another and the cell current is recorded as a function of the applied potential. In both cases, the
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essential operational feature of voltammetric or amperometric devices is the transfer of electrons
to or from the analyte.
The basic instrumentation requires controlled-potential equipment and the electrochemical
cell consists of two electrodes immersed in a suitable electrolyte. A more complex and usual
arrangement involves the use of a three-electrode cell, one of the electrodes serving as a reference
electrode. While the working electrode is the electrode at which the reaction of interest occurs, the
reference electrode (e.g.; Ag/AgCl, Hg/Hg2Cl2) provides a stable potential compared to the
working electrode. An inert conducting material (e.g.; platinum, graphite) is usually used as
auxiliary electrode. A supporting electrolyte is required in controlled-potential experiments to
eliminate electro migration effects, decrease the resistance of the solution and maintain the ionic
strength constant. The performance of amperometric sensors is strongly influenced by the working
electrode material.
Solid electrodes (carbon, platinum, gold, silver, nickel, copper, dimensionally stable
anions) have been very popular as electrode materials because of their versatile potential window,
low background current, low cost, chemical inertness, and suitability for various sensing and
detection applications [3].

Types of Voltammetry:


Linear sweep voltammetry
Linear sweep voltammetry is a voltammetric method where the current at a working

electrode is measured while the potential between the working electrode and areference
electrode is swept linearly in time.


Staircase voltammetry
Staircase voltammetry is a derivative of linear sweep voltammetry. In linear sweep

voltammetry the current at a working electrode is measured while the potential between the
working electrode and a reference electrode is swept linearly in time.


Squarewave voltammetry
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Squarewave voltammetry (SWV) is a form of linear potential sweep voltammetry which has
found numerous applications in various fields, including within medicinal and various sensing
communities.


Anodic stripping voltammetry
A quantitative, analytical method for trace analysis of metal cations. The analyte is deposited

(electroplated) onto the working electrode during a deposition step, and then oxidized during
the stripping step. The current is measured during the stripping step.


Cathodic stripping voltammetry
A quantitative, analytical method for trace analysis of anions. A positive potential is applied,

oxidizing the mercury electrode and forming insoluble precipitates of the anions. A negative
potential then reduces (strips) the deposited film into solution.


Adsorptive stripping voltammetry
A quantitative, analytical method for trace analysis. The analyte is deposited simply by

adsorption on the electrode surface (i.e., no electrolysis), then electrolyzed to give the analytical
signal. Chemically modified electrodes are often used.


Polarography
A subclass of voltammetry where the working electrode is a dropping mercury

electrode (DME), useful for its wide cathodic range and renewable surface.


Rotated electrode voltammetry
A hydrodynamic technique in which the working electrode, usually a rotating disk

electrode (RDE) or rotating ring-disk electrode (RRDE), is rotated at a very high rate. This
technique is useful for studying the kinetics and electrochemical reaction mechanism for a half
reaction.


Cyclic voltammetry
A voltammetric method that can be used to determine diffusion coefficients and half cell

reduction potentials. Cyclic voltammetry (CV) is a type of potentiodynamic electrochemical
measurement. In a cyclic voltammetry experiment, the working electrode potential is ramped
linearly versus time.
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2.2.3 Conductometric Sensors:
Sensors in this group rely on changes of electric conductivity of a film or a bulk material,
whose conductivity is affected by the analyte present. Conductometric methods are fundamentally
non-selective. Only with the advent of modified surfaces for selectivity and much improved
instrumentation have these become more viable methods for designing sensors. There are some
very practical considerations that make conductimetric methods attractive, such as low cost and
simplicity, since no reference electrodes are needed. Improved instrumentation has contributed to
rapid and easy determination of analytes, based only on the measurement of conductivity. The
most predominant materials used in these sensors will be examined first. The methods of numerical
processing of the analytical signal will then be discussed, followed by certain phenomena or
properties which lend themselves to the purpose of sensing.
Thin films are used mostly as gas sensors, due to their conductivity changes following
surface chemisorption. For example, due to oxygen chemisorption, CdS films can be used as
oxygen sensors. Porous films of MnWO4can work as a humidity sensor,oxides doped with copper
or copper oxide can be very sensitive to gases containing H2S and semiconducting Ga2O3 thin
films can detect CH4. Polymers, either conductive themselves or with a modifier, are also often
used. Polypyrrole can detect volatile amines, or when doped with ClO4- and tosylate, it can be
made into a sensor for NH3.
Resistance measured from a DC current is typical. Often the measurement is done with AC
current (impedance), which also allows one to obtain changes in capacitive impedance For
example zeolite layers can change the capacitance in response to the presence of combustion
gases. Discrimination between conductivity and capacitance through impedance can extend the
use of sensing materials. Impedance sensors were described for NO2 and tobacco smoke, odour
detection or determination of water in an oil-in-water emulsion. Intelligent materials are frequently
developed for this purpose [3].

2.2.4 Merits and Demerits of Electrochemical Sensors
Advantages of electrochemical sensors include:


Can be specific to a particular gas or vapor in the parts-per-million range.
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Linear output, low power requirements and good resolution.



Excellent repeatability and accuracy.



Does not get poisoned by other gases. .



Less expensive than most other gas detection technologies.

Disadvantages of electrochemical sensors include:

2.3



Narrow or limited temperature range.



Short or limited shelf life.



Cross-sensitivity of other gases.



The greater the exposure to the target gas, the shorter the life span.

Pharmaceutical Sensors

2.3.1 Glucometer
Working principle of glucometer:
The glucose meter, determines the concentration of glucose in the solution. Most glucose
meters, are based on electrochemical technology, they use electrochemical test strips to perform
the measurement. A small drop of the solution to be tested, is placed on a disposable test strip, that
the glucose meter uses for the glucose measurement.

Glucometer test strips:
Glucometer strips that are used for glucose monitoring from blood. In each test strip, there
is an enzyme called glucose oxidase. This enzyme reacts with the glucose, in the blood sample and
creates an acid called gluconic acid. The gluconic acid then reacts, with another chemical in the
testing strip called ferricyanide. The ferricyanide and the gluconic acid, then combine to create
ferrocyanide. Once ferrocyanide has been created, the device runs an electronic current through
the blood sample on the strip. This current is then able to read, the ferrocyanide and determine how
much glucose is in the sample of blood, on the testing strip. That number is then displayed on the
screen of the glucose testing meter.
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Breathe analyzer:
The integration of single-walled carbon nanotubes (SWCNTs) onto quartz crystal
microbalance (QCM) and standard silica optical fiber (SOF) sensor for alcohol detection at room
temperature. Different transducing mechanisms have been used in order to outline the sensing
properties of this class of nanomaterials, in particular the attention has been focused on two key
parameters in sensing applications: mass and refractive index changes due to gas absorption. Here,
Langmuir–Blodgett (LB) films consisting of tangled bundles of SWCNTs without surfactant
molecules

have

been

successfully

transferred

onto

QCM

and

SOF.

Mass-

sensitive 10MHz10MHz QCM SWCNTs sensor exhibited a resonant frequency decreasing upon
tested alcohols exposure; also the normalized optoelectronic signal (λ=1310nm)(λ=1310nm) of
the refractive index-sensitive SOF SWCNTs sensor was found to decrease upon alcohols ambient.
Highly

sensitive,

repeatable

and

reversible

responses

of

the

QCM

and

SOF SWCNTs sensors indicate that the detection, at room temperature, in a wide mm Hg vapor
pressures range of alcohols and potentially other volatile organic compounds is feasible.
Methods used in electrochemical measurement of glucose:
The two most common methods, used in electrochemical measurement of glucose are:


Colorimetric method



Amperometric method.

Colorimetric method
A numerical value, that is a measurement of the glucose concentration present in the
solution. In this method, the typical sensors such as LEDs or photo sensors form the analog
interface. These sensors are followed by a Transimpedance Amplifier (TIA) for the
glucose concentration measurement in the solution. The Colour Reflectance principle is used in
this method to sense the colour intensity in the reaction layer of the test strip by the photometry.
Amperometric methods
In this method, the electrochemical test strip contains a capillary that is used to draw in the
solution placed at one end of the test strip. The test strip also contains an enzyme electrode
containing a reagent such as Glucose Oxidase.
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CHAPTER 3
PREPARTION OF ACTIVATED CARBON FROM
AGRICULTURE AND LIVESTOCK WASTE
3.1

Activated Carbon from Tea Waste:
The raw material used for preparation of activated carbon is tea waste. All the tea waste

are collected from house, cafes. This tea waste is first dried in the sunlight for 20 days. This
naturally dried material then kept in the oven for 12 hours at the temperature 500C.Tea waste taken
from the waste tea leaves after tea making process is washed several times with distilled water to
remove surface impurities and dried at 100°C and digested by using sulphuric acid followed by
carbonization in muffle furnace [5].

3.2

Activated Carbon from Rice Husk:
The rice husk samples are carbonized at 200 and 400 °C for 1 hr in a muffle furnace in

order to produce charcoal. The sample is crushed with blender and sieved to a size smaller than
850 µm to obtain the charcoal of rice husk (CRH). Rice husk is subjected impregnation in 1 dm 3
of 3 molar H3PO4 at 80°C for 3 hr. After that, it is cleaned with Distilled water until its pH value
is 7. The sample is dried at 100°C for 24 hr. The dried samples are carbonized at 450 and 700°C
for 2 hr in a muffle furnace. The charcoal is crushed and sieved to a size smaller than 850 µm to
obtain the activated carbon of rice husk (ACRH) [6].

3.3

Activated Carbon from Sugarcane Bagasse and Corn Husk
The raw Sugarcane Bagasse(SB) and Corn Husk(CH) are washed several times to remove

the dirt and impurities present on the materials, then the washed materials are dried in an oven at
a low temperature of 60°C for 24 h to remove the moisture content. The dried raw SB and CH
were subjected to grinding using a conventional tooth claw grinding machine. The ground raw SB
and CH are mixed according to the selected ratios They are then inserted into a common animal
feed pelletizing machine to turn the end products into pellet form. The pelletized end products are
called Raw Fiber Pellets (RFP). Carbonization is performed in a horizontal laboratory tube furnace

Department of Electronics and Communication, KLEIT, Hubballi-30

Page 13

Fabrication of graphene with actuate carbon made from cow dung as electrode for
electrochemical sensor- A biomedical application

(LT-furnace). The RFP are carbonized at temperature of 500°C.The furnace temperature is
maintained at 500°C, and the carbonized RFP continued to activate in air atmosphere at the same
flow rate. The carbonization and activation of RFP were repeated at different activation
temperatures. After that, the samples are cooled to room temperature by flowing N2 through the
samples. The activated end-products are called Sugarcane Bagasse Corn Husk Activated Carbon
(SBCHAC) [7].

3.4

Activated Carbon from Cow Dung:
The activated cow dung carbon (ACDC) was synthesized by chemical activation method

using KOH as an activating agent and pre-carbonized cow dung char as a precursor. The sundried
cow dung was pre-carbonized at 450οC. The char was mixed with KOH in minimum volume of
water and stirred at 80οC until formation of homogenous slurry it is then cooled and dried [3].
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CHAPTER 4
REQUIREMENTS
4.1

Electrochemical analyzer:

Figure 4.1 Electrochemical analyser setup

The instrument is controlled by an external PC under Windows environment. It is easy to
install and use. The user interface follows Windows application design guide. If you are familiar
with Windows application, you can use the software even without operation manual or on-line
help. The commands, parameters, and options are in terminology that most chemists are familiar
with. The toolbar allows quick access to the most commonly used commands. The help system
provides context sensitive help. It is systematic and complete.

The instrument provides many powerful functions, such as file handling, experimental
control, graphics, data analyses, and digital simulation. Some of the unique features include macro
command, working electrode conditioning, color, legend and font selection, data interpolation,
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visual baseline correction, data point removing, visual data point modification, signal averaging,
Fourier spectrum, and equations relating to electrochemical techniques.

4.2

Muffle Furnace:
A muffle furnace (sometimes, retort furnace) in historical usage is a furnace in which the

subject material is isolated from the fuel and all of the products of combustion, including gases
and flying ash. Electric heating elements and widespread electrification in developed countries,
new muffle furnaces quickly moved to electric design.

Figure 4.2 Muffle furnace

Today, a muffle furnace is (usually) a front-loading box-type oven for high-temperature
applications such as fusing glass, creating enamel coatings, ceramics and soldering
and brazing articles. They are also used in research facilities, for example by chemists in order to
determine what proportion of a sample is non-combustible and non-volatile (i.e., ash).Some digital
controllers allow RS232 interface and permit the operator to program up to 126 segments, such as
ramping, soaking, sintering, and more.
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Also, advances in materials for heating elements, such as molybdenum disilicide, can now
produce working temperature up to 1,800 degrees Celsius (3,272 degrees Fahrenheit), which
facilitate more sophisticated metallurgical applications.

4.3

Graphene:
As a new member of the carbon family, graphene has fascinated the scientific community

since its discovery. Recently, graphene also exhibited great potential to be an adsorbent in
analytical sample preparation due to its exceptional properties (e.g., large surface area, π-electronrich structure, and good thermal and chemical stability) [8].
Graphene, the well-publicized and now famous two-dimensional carbon allotrope, is as
versatile a material as any discovered on Earth. Its amazing properties as the lightest and strongest
material, compared with its ability to conduct heat and electricity better than anything else, mean
that it can be integrated into a huge number of applications. Initially this will mean that graphene
is used to help improve the performance and efficiency of current materials and substances, but in
the future it will also be developed in conjunction with other two-dimensional (2D) crystals to
create some even more amazing compounds to suit an even wider range of applications.
With graphene offering a large surface area, high electrical conductivity, thinness and
strength, it would make a good candidate for the development of fast and efficient bioelectric
sensory devices, with the ability to monitor such things as glucose levels, hemoglobin levels,
cholesterol and even DNA sequencing.

4.4

Mefenamic acid
Mefenamic acid is a non-steroidal anti-inflammatory medication. Its chemical name is 2-

(2,3-dimethylanilino)benzoic acid. Its chemical formula is C15H15NO2.Its molar weight is
241.29g/mol.
It is prescribed to relieve inflammation, swelling, stiffness, pain and fever. It is of particular
use in arthritic and muscular conditions, and for broad spectrum pain relief, including headache,
menstrual pain and discomfort, and dental pain.Mefenamic acid is also used for the treatment of
excessive menstrual bleeding. This medication does not cure the underlying condition responsible
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for pain or inflammation, but simply keeps the symptoms under control.Mefenamic acid may
irritate or even damage your stomach. To reduce this, it is advised to take this medication with
food. This risk increases the longer you take this medication, or if you are also taking corticosteroid
medications such as prednisone, anticoagulants (blood thinning medication) such as warfarin, or
if you smoke or consume alcohol while being treated with mefenamic acid.

Figure 4.3 Mefenamic acid
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CHAPTER 5
METHODOLOGY
5.1


Extraction of Carbon:
The activated cow dung carbon (ACDC) was synthesized by chemical activation method using
KOH, NaOH, H2SO4 as an activating agent and pre-carbonized cow dung char as a precursor.



The sundried cow dung was pre-carbonized at 450ο C in Muffle Furnace.



The char was mixed with KOH in minimum volume of water and stirred at 80ο C until
formation of homogenous slurry it is then cooled and dried.

5.2


Preparation of Electrode:
Carbon sample which is Graphite powder (1g) is mixed with parafin oil (0.3ml) in mortar and
filled in PTFE tube thus forming a carbon paste electrode (CPE).



Modified electrode is prepared by mixing activated carbon from cow dung (50mg) with
Graphene (50mg),carbon paste (1g) and parafin oil (0.3ml) in mortar thus forming
GR/CD/CPE electrode.
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Figure 5.1 Electorde preparation

5.3


Preparation of Buffers:
Prepared 200 ml of Buffer solution of pH ranging from 3 to 11.2 by mixing the specified
quantities of chemicals like K2HPO4, Na2HPO4 with distilled water.
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CHAPTER 6
RESULTS ANALYSIS
6.1

Behavior study:

– 40.0

Current / µA

– 30.0

Comparison of peak current
for MFA oxidation

(a) CPE (Blank)
(b) GR / CD / CPE (Blank)
(f)
(c) CPE
(d) GR / CPE
(e) CD / CPE
(f) GR / CD / CPE

– 20.0

(e)
(d)
(c)

– 10.0
0.0

(b)
(a)

10.0

20.0
0.0

CPE
GR/ CPE

0.4

0.8
1.2
Potential / V

CD/ CPE
GR/CD/ CPE

1.6

2.0

Figure 6.1 Behavior study of various electrode materials.

The behavior of different electrodes like carbon paste (CPE) electrode, CPE with graphene
electrode, CPE and cow dung electrode and CPE and cow dung with grapheme electrode is
compared using cyclic voltammetric technique in behavior study.
The figure 6.1 show the behavior of the four electrodes i.e., curve a is for carbon paste
electrode(CPE) without drug in the analyte, curve b is for CPE along with grapheme and cow dung
as electrode(GR/CD/CPE) material without drug in the analyte, curve c is for drug analysis using
CPE, curve d is for drug analysis using CPE along with graphene, curve e is for drug analysis using
CPE along with cow dung, curve f is for drug analysis using CPE along with cow dung and
graphene.
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For CPE (blank) and GR/CD/CPE peak is not found. It shows that the electrodes detect
only mefenamic acid (drug) by getting a peak at certain voltages. Value of peak current varies for
different electrode material. Due to the slow and languid transfer of electrons, the peak current
observed for CPE was broader and less intense. On reversing the scan the peak was absent, hence,
irreversible electrode process is suggested. For CPE peak was detected due to oxidation of drug
but the peak is very low. The figure 6.1 also shows the comparison of peak currents for different
combinations of electrode material. From the comparison graph we can observe that the peak
obtained for GR/CD/CPE material was the highest. It shows that peak current for GR/CD/CPE is
7 times more than that of only CPE material. Hence the electrode prepared from GR/CD/CPE have
capability to detect lower concentrations compared to CPE.
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6.2

Variation of pH:

Current / µA
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Potential / V
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Figure 6.2 pH study for GR/CD/CPE from pH 3.0 to pH 11.2

The variation of pH of the medium will affect the electrode reaction, therefore pH study
was done for carbon paste (CPE) and cow dung combination electrode and carbon paste, cow dung
and grapheme combination electrode. Phosphate buffer solutions, pH [(3.0 – 11.2 pH) (I=0.2 M)]
was used as a supporting electrolyte.The results were recorded for pH 3 to 11.2 using linear sweep
voltammetric method.
The figure 6.2 shows linear sweep voltammetric curves for various pH solutions ranging
from pH 3.0 to pH 11.2. from the figure 3.2 curve a shows the variation of current with respect to
potential in the buffer solution of pH 3.0, similarly curve b for pH 4.0, curve c for pH 5.0, curve d
for pH 6.0, curve e for pH 7.0, curve f for pH 8.0, curve g for pH 9.2, curve h for pH 10.0, curve i
for pH 11.2. It was observed that peak shifts towards the left i.e., decreasing potential as pH levels
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increased from pH 3.0 to pH 11.2. If the graph is plotted for potential versus pH, intersection is
found at pH 7.0 which shows the pKa value of mefenamic acid.
From the figure 6.2, peak current not only shifts towards lower potential, value of peak
increases and then decreases. It is seen that maximum peak current is obtained for pH 5.0. Hence
pH 5 will be the optimum pH for GR/CD/CPE to detect mefenamic acid drug.
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Influence of accumulation time:
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Figure 6.3 Accumulation study for GR/CD/CPE

Every electrode require some settling time for the molecules to be detected to get
accumulated near the surface hence accumulation study was carried. As the accumulation time
increases, the amount of drug (mefenamic acid) at the surface of the electrode increases and hence
the peak current. But after some accumulation time peak goes on decreasing which means that the
saturation time for the electrode had exceeded.
Accumulation time investigation was done using cyclic voltammetric technique in the
range from 0 to 150s. Value of peak current goes on increasing, maximum peak current was
observed at 40s for cpe and cow dung combination electrode and at 60s (Fig 6.3) for GR/CD/CPE,
after that peak reduces and remains constant after 80s. Hence 60s was taken as optimum
accumulation time for GR/CD/CPE and used in the analysis.
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6.4

Variation of scan rate:
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Figure 6.4 Scan rate variation.
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Figure 6.5 (a) Current versus scan rate. (b) log(Ip) versus log(scan rate).

Investigations corresponding to scan rate variation can be used to understand different
physiological properties. It provides the facts concerning to the electrode process, heterogeneous
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rate constant, and diffusion coefficient, number of electrons transferred and reaction mechanism.
The variation of peak current with scan rate gives the information about the dependence of peak
current on scan rate.
The figure 6.4 shows the scan rate variation in the range 0.01 to 0.15. It was observed
that peak current increased as the increase in scan rate increased. Figure 6.5 shows the graph for
Current versus scan rate and log(Ip) versus log(scan rate). From figure 6.5(a) equation( Eq.1) for
peak current can be obtained which is given by,
Ip = 131.13 υ + 3.54: R² = 0.998.................(Eq.1)
From the above equation, slope obtained is 131.13. The value of resistance calculated using
the equation was R2 = 0.998. From the graph and the equation obtained from figure 6.5(a) the
reaction mechanism is considered to be diffusion reaction.
The equation log(Ip) (Eq.2) can be obtained from figure 3.5(b) which is given by,
log Ip = 0.59 log υ + 1.822: R² = 0.988................(Eq.2)
From the above equation, slope obtained is 0.59 which is nearly equal to the theoretical
value 0.5 (Slope of 0.599 ≈ Theoretical value of 0.5). The movement of peak potential towards
more positive value with increase in scan rate suggest irreversible electrode process.
Equation for potential (Eq.3) from figure 6.5 and figure 6.6 is given by,
Ep = 0.066 log υ + 0.817; R² = 0.97……………….(Eq.3)
For an irreversible electrode process at T=298 K, Laviron’s equation can be used. Laviron’s
equation (Eq.4) is given as,

……………………(Eq.4)
‘αn’ was calculated from the slope of Ep versus log υ as 1.23.Using Bard and Faulkner
equation (Eq.5) for α:
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………………….(Eq.5)
Calculated values for α , n and k0 were
α = 0.56, n = 2.49≈2, k0 = 10.2 x 103 s-1 .
Hence from the scan rate study we can conclude that the reaction mechanism of drug is
irreversible diffusion reaction.
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6.5

Concentration variation:

Figure 6.6 Concentration variation from 0 to 1µM of mefenamic acid.

Electrode behavior was observed for different concentration of drug in the analyte using
square wave voltammetric technique to understand the applicability of the electrode for analytic
application.
Figure 6.6 shows the concentration variation of drug in the range of 0 to 1µM, it was
observed that peak current increased as the concentration of drug increased in the analyte, it was
also observed that the peak current shifted towards negative(decreasing) potential with the increase
in concentration of drug.
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Table 6.1 Characteristics of MFA calibration plot using square wave voltammetry at GR/CW/CPE

Linearity range

1 -10 µM

Slope of the calibration plot (μM)

4.55

Intercept (μA)

5.68

Correlation coefficient (r)

0.998

RSD of slope (%)

0.77

RSD of intercept (%)

0.103

Number of data points

6

LOD

3.9 nM

LOQ

13.0 nM

Repeatability (RSD %)

2.02

Reproducibility (RSD %)

3.62

Table 6.1 shows the various parameters obtained from the graph. From the table
6.1 following parameters were inferred, linearity range was from 1-10 µM, slope of the calibration
plot was 4.55 µM, limit of detection (LOD) obtained was 3.9 nM and limit of quantification (LOq)
was 13.0 nM.
Table 6.2 Comparison with earlier reported methods

Method

LOD (nM)

Spectrophotometry

1100.0

High pressure liquid chromatography/UV

15.0

chemiluminescence detection

50.0

Glassy carbon electrode

15.0

GR/CW/CPE

3.9 (present work)
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Table 6.2 shows the comparison of the results obtained from the current work and
previously reported works in terms of detection and quantification limits.

6.6

Interference analysis:
The aim of the work was intended to develop a technique for analytical application and to

find effect of other elements present along with drug.
Table 6.3 Effect of interferents on analysis of MFA by DPV

Interferent

Signal change (%)

Citric Acid

1.21

Dextrose

0.25

Gum Acacia

2.42

Oxalic Acid

-20.26

Starch

0.28

Sucrose

0.23

Urea

0.28

Glycine

1.28

Table 6.3 shows the interference study for the following standard addition like sucrose,
dextrose, oxalic acid, ascorbic acid, citric acid, gum acacia, starch, urea and glycine. From the
experiment conducted it was observed that the interference for the detection of MFA in the
presence of citric acid was 1.21%, similarly for dextrose 0.25%, for gum acacia 2.42%, for oxalic
acid -20.26%, for starch 0.28%, for sucrose 0.23%, for urea 0.28% and for glycine 1.28%.
Since the interference of oxalic acid is -20.26% which is more than +/- 5%, only the
presence of oxalic acid affected the detection of MFA. This ensures that detection of MFA in the
presence of oxalic acid will be difficult.
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6.7

Application of square wave voltammetry for tablet analysis and spiked

urine analysis:
Meftol tablet is used for the tablet analysis. The analysis is carried out by using square
wave voltammetric technique. Concentration was varied in the range 0 to 1.2 ml.
Table 6.4 Analysis of MFA in tablets by SWV and recovery studies

Amount added (mg)

100

Amount found (mg)*

98.28

RSD (%)

1.3

Added (mg)

1.0

Found (mg)*

0.981

Recovered (%)

98.1

RSD (%)

1.18

Table 6.4 shows the tablet analysis for 100 mg and 1.0 mg addition of tablet. The recovery
of tablet was 98.28% with RSD of 1.3% for 100mg addition and 98.1% with RSD of 1.18% for
1.0 mg addition of tablet.
Table 6.5 Analysis of MFA in spiked human urine by SWV and recovery studies

Urine Spiked

Detected

Recovery (%)

RSD (%)

0.2

0.1985

99.25

1.09

0.4

0.3965

99.12

1.09

0.8

0.7856

98.2

1.10

1.2

1.198

99.83

1.08

1.5

1.456

97.06

1.11

Table 6.5 shows the analysis of MFA determination in urine samples of student volunteers.
It shows the recovery of MFA for different concentration of urine in the range from 0.2 to 1.5 ml
along with their respective RSD for various concentrations.
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6.8 Morphological study of different electrode materials used:
The morphological study of sensing base gives insight into the electrochemical
properties of the electrode. The modified electrode was characterized by using atomic force
microscope (AFM) in air. The roughness of the electrode surface was given ΔZ (ΔZ is the
difference in the sample height between the start and end point).

Figure 6.7 Morphological study on particles of CPE

Figure 6.7 shows the morphological study of particles and topological image of CPE
particles. It shows that the height of spikes obtained from CPE particles was 33nm.

Figure 6.8 Morphological study on particles of GR/CPE
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Figure 6.8 shows the morphological study of particles and topological image of GR/
CPE particles. It shows that the height of spikes obtained from GR/CPE particles was 42.7nm.
From figure 6.7 and figure 6.8 we can infer that the addition of graphene to the carbon paste
enhanced the surface by increase in the height of spikes of the particles.

Figure 6.9 Morphological study on particles of CD/CPE

Figure 6.9 shows the morphological study of particles and topological image of CD/
CPE particles. It shows that the height of spikes obtained from CD/CPE particles was 381nm.
From the figures it can be inferred that the addition of cow dung to carbon paste increased the
peak of the spikes from 33nm to 381nm which shows that the addition of cow dung enhanced the
surface area of the electrode morphologically.

Figure 6.9 Morphological study on particles of CD/CPE
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Figure 6.10 shows the morphological study of particles and topological image of
GR/CD/ CPE particles. It shows that the height of spikes obtained from GR/CD/CPE particles was
446nm. From the above results and figures we can observe that addition of cow dung increased
the surface area of the electrode and addition of cow dung along with grapheme further increased
the surface area of the electrode surface and hence the conductivity was maximum for the
composite material.

Department of Electronics and Communication, KLEIT, Hubballi-30

Page 35

Fabrication of graphene with actuate carbon made from cow dung as electrode for
electrochemical sensor- A biomedical application

CHAPTER 7
VOLTAMMETRIC BEHAVIOR OF SOME OTHER
BIOMOLECULES
7.1

Nimesulide (NIM):
Nimesulide

is

a

non-steroidal

anti-inflammatory

drug

(NSAID)

with

pain

medication and fever reducing properties. Its approved indications are the treatment of acute pain,
the symptomatic treatment of osteoarthritis, and primary dysmenorrhoea in adolescents and adults
above 12 years old.

Figure 7.1 Voltammetric behaviour of Nimesulide

The voltammetric behavior of NIM was studied in phosphate buffer solution pH 6.0 at scan
rate 50 mVs-1 which showed an anodic peak at 0.610 V. Figure 7.1 shows behaviour study of
Nimesulide. In the graph curve (a) is for CPE electrode at pH 6, Curve (b) is for CPE/GR .Curve
(c) is for CD/CPE, Curve (d) is for GR/CD/CPE. Peak current was found maximum for curve (d).
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In the reverse scan, there was no corresponding reduction peak indicating that electrode
process of NIM was irreversible.

7.2

Theophylline (TP):
Theophylline, also known as 1,3-dimethylxanthine, is a methylxanthine drug used in

therapy for respiratory diseases such as chronic obstructive pulmonary disease (COPD)
and asthma under a variety of brand names. As a member of the xanthine family, it bears structural
and pharmacological similarity to theobromine and caffeine, and is readily found in nature, and is
present in tea (Camellia sinensis) and cocoa (Theobroma cacao) in large amounts. A small amount
of theophylline is one of the products of caffeine metabolic processing in the liver.

Figure 7.2 Voltammetric behaviour of Theophylline (TP)

The voltammetric behaviour of TP was studied in phosphate buffer solution pH 3 at scan
rate 50 mVs-1 which showed an anodic peak at 1.21 V. Figure 7.2 shows behaviour study of
Theophylline (TP). In the graph curve (a) is for CPE electrode at pH 3, curve (b) is for GR/CPE at
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pH 3, curve (c) is for CD/CPE at pH 3, curve (d) is for GR/CD/CPE. Maximum peak current was
found for curve (d).
In reverse scan, there was no corresponding reduction peak indicating that electrode
process of TP was irreversible.

7.3

Ambroxol (AMB):
Ambroxol is a secretolytic agent used in the treatment of respiratory diseases associated

with viscid or excessive mucus.The substance is a mucoactive drug with several properties
including secretolytic and secretomotoric actions that restore the physiological clearance
mechanisms of the respiratory tract, which play an important role in the body’s natural defence
mechanisms. Ambroxol is indicated as "secretolytic therapy in bronchopulmonary diseases
associated with abnormal mucus secretion and impaired mucus transport. It promotes mucus
clearance, facilitates expectoration and eases productive cough, allowing patients to breathe freely
and deeply".

Figure 7.3 Voltammetric behavior of Ambroxol

The voltammetric behavior of AMB was studied in phosphate buffer solution pH 3 at
scan rate 50 mVs-1 which showed an anodic peak at 0.99 V. Figure 7.3 shows behaviour study
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of Ambroxol (AMB). In the graph curve (a) is for CPE electrode at pH 5, curve (b) is for
GR/CPE at pH 5, curve (c) is for CD/CPE at pH 5, curve (d) is for GR/CD/CPE. Maximum peak
current was found for curve (d).
On the reverse scan there was one corresponding reduction peak indicating that electrode
process of AMB was quasi-reversible process.

7.4

Sunset Yellow(SY):
Sunset Yellow FCF (also known as Orange Yellow S, or C.I. 15985) is a petroleum-derived

orange azo dye with a pH dependent maximum absorption at about 480 nm at pH 1 and 443 nm at
pH 13 with a shoulder at 500 nm.Sunset Yellow is used in food, cosmetics, and drugs. For example,
it is used in candy, desserts, snacks, sauces, and preserved fruits.

Figure 7.4 Voltammetric behavior of Sunset Yellow

The voltammetric behavior of SY was studied in phosphate buffer solution pH 4.2. Figure
7.4 shows behavior study of Sunset Yellow (SY). In the graph curve (a) is for CPE electrode, curve
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(b) is for GR/CPE, curve (a*) is for CD/CPE and curve (b*) is for GR/CD/CPE. Maximum peak
current was found for curve (b*).

7.5

Clozapine:
Clozapine, sold under the brand name Clozaril among others, is an atypical

antipsychotic medication. Clozapine is associated with a relatively high risk of low white blood
cells which may result in death. Other serious risks include seizures, inflammation of the
heart, high blood sugar levels, and in older people with psychosis as a result of dementia an
increased risk of death. Common side effects include drowsiness, dry mouth, low blood pressure,
trouble seeing, and dizziness.

Figure 7.5(a) Voltammetric behaviour of Clozapine without analyte and (b) Voltammetric behaviour of
Clozapine with analyte

The voltammetric behaviour of Clozapine with and without analyte was studied in
phosphate buffer solution pH 5. Figure 7.5(a) shows the behaviour study of Clozapine for all the
bare electrodes i.e., without analyte. Figure 7.5(b) shows behaviour study of Clozapine with
analyte. In the graph curve (a) is for CPE electrode at pH 5, curve (b) is for GR/CPE at pH 5, curve
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(C) is for CD/CPE at pH 5 and curve (D) is for GR/CD/CPE. Maximum peak current was found
for curve (d).

7.6

Acyclovir
Acyclovir is an antiviral drug. It slows the growth and spread of the herpes virus in the

body. It will not cure herpes, but it can lessen the symptoms of the infection. Acyclovir is used to
treat infections caused by herpes viruses, such as genital herpes, cold sores, shingles, and chicken
pox.

Figure 7.6 Voltammetric behaviour of Acyclovir

The voltammetric behavior Acyclovir was studied in phosphate buffer solution.Figure
7.6 shows behavior study of Acyclovir.In the graph curve (a) is for CPE electrode at pH 5, curve
(b) is for GR/CPE at pH 5, curve (a*) is for CD/CPE at pH 5, curve (b*) is for GR/CD/CPE.
Maximum peak current was found for curve (b*).
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7.7

Flufenamic acid:
Flufenamic acid is a member of the anthranilic acid derivatives (or fenamate) class

of NSAID drugs. Like other members of the class, it is a COX inhibitor and prevents formation
of prostaglandins. Flufenamic acid is known to bind to and reduce the activity of prostaglandin F
synthase and activate TRPC6.

Figure 7.7 Voltammetric behaviour of Flufenamic acid

The voltammetric behaviour of Flufenamic acid was studied in phosphate buffer solution
pH 7. Figure 7.7 shows behaviour study of flufenamic acid. In the graph curve (a) is for CPE
electrode at pH 7, curve (b) is for GR/CPE at pH 7, curve (c) is for CD/CPE at pH 5 and curve
(d) is for GR/CD/CPE. Maximum peak current was found for curve (d).
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CHAPTER 8
CONCLUSION
In the present work, electrochemical behaviour of MFA was investigated on the surface of
GR/CD/CPE as electrode material. GR/CD/CPE being an excellent redox mediator, higher
sensitivity was obtained for modified electrode as compared to that of bare electrode prepared from
graphite powder.
Investigations for pH variations suggest that pH 5 is suitable of the electrochemical
behavior studies of MFA. Accumulation study recommended accumulation time for the electrode
as 60s. A probable electrode mechanism involving two protons and electrons was proposed from
scan rate variation. This may help us to understand the insight of drug metabolism within the body.
It also suggested that the reaction involved was irreversible diffusion reaction. Interference study
shows that only the presence of oxalic acid affected the detection of MFA.
A square wave voltammetric technique was used for recovery studies in pharmaceutical
and human urine samples. Good recoveries from pharmaceutical and human urine sample suggest
that the method is better suited than early reported methods for quality control and clinical trials.
Further, low detect limit suggest that the proposed method is better as to that of few early reported
methods.
This work was carried out further to detect various biomolecules like nimesulide,
theophylline, ambroxol, sunset yellow, clozapine and acyclovir and flufenamic acid. Good results
were obtained when GR/CD/CPE was used as electrode material. Hence the composite electrode
can be used to detect many biomolecules and pharmaceutical drugs
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CHAPTER 9
FUTURE SCOPE
The modified electrode obtained using cow dung, graphite powder and graphene oxide
nanomaterial as electrode material can be used in environmental applications like to detect the
toxicity of the chemical waste generated by industries which help in monitoring environment and
soil management for agricultural fields.

Figure 9.1 Design of a screen printed electrode (with reference, working and auxiliary electrode).

Screen printed methodology offers an attractive way to design new generation
electrochemical sensors, a screen printed electrode comprises a chemically inert substrate on which
three electrodes, including working electrode, reference electrode and counter electrode, are
printed through screen printing methodology. The working electrode is the principal electrode on
which electrochemical reactions are performed, while the reference electrode and counter
electrode are used to complete the electronic circuit. The fabrication of an electrochemical screen
printed sensor usually involves three steps: fabrication of the screen printed electrode, surface
design of the screen printed electrode and subsequently utilization for a sensing application. Figure
9.1 shows the model of screen printed electrode that consists of three electrodes reference
electrode, working electrode and auxiliary (counter) electrode.
Using the modified electrode material as working electrode along with counter electrode
and reference electrode screen printed electrode can be fabricated. The electrochemistry of several
organic and inorganic compounds can be investigated at the surface of screen printed electrodes.
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Due to the importance and involvement of phenolic compounds in different fields- such as
environmental, medical, food industry, their electrochemical behavior can be examined using
modified electrode material as working electrode.
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