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                                        ABSTRACT
Recently, the two-dimensional allotrope of carbon, graphene, has attracted a great deal of attention. Graphene nanosheet is a one atom thick planar sheet of sp2 bonded carbon atoms, which are densely packed in a honeycomb crystal lattice. This unique nanostructure holds great promise for potential applications in many technological ﬁelds such as nanoelectronics, biosensors, nanocomposites, batteries, super capacitors, hydrogen storage etc.
       There are a number of methods available for the synthesis of graphene and to chemically modified it, from graphite and its derivatives, each one having their own advantages and disadvantages.
       In this thesis, room temperature synthesis of graphene (RGO) has been developed by using wet electrochemical method. Graphene oxide had been deposited electrochemically onto indium-tin oxide (ITO) coated glass plate, and then reduced in to graphene by hydrazine reduction. This RGO/ITO electrode has used as a matrix for electrochemical DNA biosensor. The spectroscopic morphological and electrochemical characterizations of RGO/ITO and DNA/RGO/ITO electrodes have been carried out by Fourier-transform infra-red spectra (FT-IR), UV-Vis spectra, scanning electron microscopy (SEM), EDX and cyclic voltammetry. In cyclic voltammetry, it is observed that the anodic and cathodic peak currents (Ipa and Ipc) are proportional to the square root of scan rate (ν1/2) over the range 10 – 250 V/s suggesting a diffusion controlled process on the modified electrode. 

The electrochemical  response studies of RGO/ITO electrode, performed as a function of target DNA concentration, using MB as indicator in phosphate buffer (50 mM, pH 7.0, 0.9% NaCl) by differential pulse voltammetry (DPV), indicates a significant decrease in the magnitude of MB signal when incubated with complementary target sequence indicating hybridization. The decrease in the MB peak height with increase in complementary DNA concentration may be attributed to the hindrance provided to MB-Guanine interactions due to increased double stranded DNA formation. On the basis of this work we conclude that RGO exhibits favorable electrochemical activity and may hold great promise for electrochemical sensors and biosensors design.
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Chapter-1
       Introduction
There is increasing interest towards the development of biosensors that can be used to monitor a wide range of parameters of clinical and environmental investigations as well as in situ analysis [1]. The sensors have been employed in hazard analysis and quality control of the food articles where strong emphasis is given to the rapid screening of raw material quality before processing and to online testing of process efficacy. The  market for biosensors are projected to grow from $6.1 billion to $8.2 billion in 2010, at an average annual growth rate of about 6.3%.

The classical techniques are expensive, time-consuming and require more substrates for detection of various analytes such as pathogens. The  demand for simple, reliable, and low cost for the analysis for faster and simpler testing procedures is growing. This has facilitated R&D biomolecules as well as fabrication of  bio-devices[2, 3].Among various devices for the clinical diagnostics, biosensors have been in the highest demand as they meet the requirement of portability, selectivity, sensitivity, reusability, reversibility, simplicity, low cost, less time consuming, faster response and more accuracy [4, 5]. Biosensor devices can measure biological effects such as genotoxicity, immunotoxicity, biotoxins, endocrine effects and also glucose, cholesterol, lactate, urea, and creatinine in blood/serum samples. In addition biosensors can be used for the detection of specific analytes such as surfactants, chlorinated hydrocarbons, pesticides, drugs, carnicogens, pollutants or other toxicants present in the water, soil or air [6, 10]. In the fabrication of biosensors the use of nanomaterials particularly carbon allotropes have recently been increased due to their unique properties. 

          Carbon is the fourth most abundant element in the universe and is the Materia prima for all life [11, 12]. Organic chemistry, bio-molecules and life on earth revolve around the carbon. A carbon atom has six electrons; four electrons in the outermost shell during bonding acquire tetravalent shape. Flexibility in the bonding within carbon atoms results into different allotropes having variable physical, mechanical and surface characteristics. The two main forms of elemental carbon are graphite and diamond. Under ambient conditions, graphite is the stable phase, while under application of high pressure and high temperature a transformation to the diamond structure occurs (Figure 1)[13, 14, 15]. 
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Figure 1: Phase diagram of elemental carbon

Graphite has a layered structure consisting of sp2 hybridized carbon atoms, whereas diamond is a network structure of sp3 hybridized carbon atoms. Another common form of carbon is amorphous carbon consisting of mainly sp3 hybridized carbon but without long-range order within. The term amorphous carbon is often used for several carbon entities and also for the forms of carbon that are not truly amorphous but contain short range crystalline areas in an amorphous matrix.

Interest in different forms of carbon has been generated by the discovery of fullerenes in 1985 and carbon nanotubes in 1991. While diamond and graphite are three dimensional, the nanotubes are considered one-dimensional and fullerenes zero dimensional allotrope of carbon. It was established in the year 1991 that carbon nanotubes are formed by rolling a 2D graphene sheet. Graphene was isolated in 2004 from 3D graphitic crystal. 
 Even before its isolation graphene is the best theoretically studied allotrope of carbon for more than six decades. Whether a strictly 2D crystal can freely exist was the subject matter of interest since 1934. Several studies had concluded that the 2D crystals are thermodynamically unstable and could not exist. But now it has shown that the 2D atomic crystals also exist, and are stable under ambient conditions. According to the Mermin-Wanger theorem, in two dimensional crystals, long-range order does not exist.  Existence of dislocations in 2D-crystals will always be there at any finite temperature [16]. 

Fig. 2: Crystal structures of the different allotropes of carbon. (Left to right) Three-dimensional diamond and graphite (3D); two-dimensional graphene (2D); one-dimensional nanotubes (1D); and zero-dimensional buckyballs (0D). 


      In recent years, research on nanoscale objects and nano-structured materials has been multi-dimensional as it has find wide applications in consumer and micro-electronics, information technology, solar energy and bio- and medico-sciences. The interest in nanomaterials stems from the fact that as the dimensions of an object decrease, the ratio between the number of atoms in the bulk and at the surface is changed. Normally, the majority of the atoms are in the bulk and the properties of the material are governed by the properties of the bulk atoms. However, in the nanometer range the properties of the surface atoms play a far more important role, and the properties can differ substantially from the corresponding bulk material. Nanomaterials of carbon—and especially graphitic nanomaterials have generated enormous interest with the nanotubes, fullerenes, and graphene [17, 18, 19].
Graphene was discovered by a group of physicists from Manchester University, UK, led by Andre Geim and Kostya Novoselov in 2004 who have described its the physical and chemical properties. Philip Kim and Horst Stormer’s group at Columbia University have also added vital information on graphene.

Graphene possesses excellent mechanical, thermal and optical properties. It  has very high specific surface area, which can be influence through chemical functionalization. These properties make it suitable for various electronic, sensor, and solar sell device applications.
The work embodied in the dissertation focuses on preparation of grapheme by a simple and efficient electro-chemical method and its application as biosensing material.
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Chapter-2
Graphene
2.1 Introduction

In 2004, a group of physicists from the Manchester University, UK, led by Andre Geim and Kostya Novoselov, were successful to obtain graphene. They started with a three-dimensional graphite and extracted a single sheet (a monolayer of atoms) using micromechanical cleavage (Fig. 1).The same technique has been used by the group to obtain two-dimensional crystals of other materials [1].
[image: image9.wmf]1400

1500

1600

1700

0

2

4

G

D

Intensity (a.u)

Raman sift (cm

-1

)


Fig. 1: Atomic force microscopy image of a graphene crystal on top of an oxidized Si substrate. Folding of the flake can be seen. The measured thickness of graphene corresponds to the interlayer distance in graphite. Scale bar = 1 μm.
Graphene has been extensively investigated theoretically for the last 60 years [2]. The electronic band structure of graphite was fist calculated in 1947 by Wallace [3]. Within the graphene sheet the carbon atoms are arranged in an open honeycomb lattice. The graphene is an aromatic system, and can be thought of as being composed of benzene rings with the hydrogen atoms substituted by carbon atoms from adjacent rings. In a plane carbon atoms are separated by 1.42A0 and bonded by σ-bonds. These bonds are extremely strong and give a rigid backbone to the graphene. The resulting σ -band of the graphene sheet is, due to the Pauli principle, a filled shell and forms a deep valence band. The p-orbitals perpendicular to the graphene plane, not participating in the σ-bonds, can bind covalently with neighboring atoms. The outcome is the formation of a half filled σ-band responsible for the electron conduction in the graphene plane [4, 5]. The unit cell of the 2-dimensional graphene sheet contains two atoms and one representation is presented in (Figure 2a). Alternatively, the graphene structure can be described as two identical sublattices, superimposed on each other as seen in (Figure 2b).
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Figure 2: (a) the primitive unit cell of graphene, (b) the two identical sublattices of the graphene sheet marked in different colors and (c) band structure of graphene.

In the reciprocal space, the two-atom unit cell results in a Brillouin zone with two conical points at the Fermi surface, K and K’ (often referred to as the Dirac points), where the σ- and σ*-band touch (Figure 2c). In the vicinity of  these points, the electron energy is linearly dependent on the wave vector. Consequently, graphene is a special semi-metal or zero-gap semiconductor. In conventional semiconductors, electrons at band edges usually obey a quadratic energy-momentum relation. Due to this unique linear dependence, the electronic properties of graphene are best described by an equation of the form of the relativistic Dirac equation rather than the nonrelativistic Schrodinger equation. Indeed, in graphene, charge carriers mimic particles with zero mass (Dirac fermions) and an effective “speed of light” VF ≈1×106 m/s. Also, mobilities as high as 15,000 cm2V-1s-1 have been reported for graphene under ambient conditions [5, 6, 7].

Graphite is known to be a layered structure; the basic building blocks of graphite are sheets called graphene. In graphite the stacks of graphene are held together by weak vander Waal forces. The strong covalent in-plane bonds and weak inter-planar bonds are major factors for the anisotropic behaviour of graphite.  So that the graphene sheet can be seen as the building block for all forms of graphitic materials (Fig.3). A nanoscale form of graphite is the zero-dimensional fullerenes. In this allotrope the graphene sheets are rolled up into spheres (bucky balls). The curvature is obtained by introduction of pentagons into graphene structure otherwise.

Another member of the graphitic family is a 1-dimensional tube called carbon nanotube (CNT). The tubes result from rolling the graphene sheets in specific directions into a closed seamless tube, which can be single walled (SWCNTs) or multiwalled (MWCNTs).The CNTs are metallic or semiconducting depending on the rolling-direction and are therefore classified according to this 
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Fig.3: Formation of 0D, 1D and 3D carbon materials from graphene
direction [8]. Similarly multiwalled spherical structures have also been fabricated and are called carbon nanoonions (CNOs)
2.2 Characteristics of Graphene
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Graphene with its unique nanoscale properties has opened the door to possible substitute it for silicon for the next generation of electronics. The promising properties of graphene and its application 
Fig.4: A single graphite sheet consisting of a honeycomb lattice structure of sp2 bonded carbon atoms.
in large number of emerging technologies, the research in the field is attracting great attention and exponential rise in the number of research papers. Having the title of the strongest material ever measured [9], grapheme is a two-dimensional (one-atom-thickness) allotrope of carbon with a planar honeycomb lattice (Fig. 4)
The properties of graphene sheets are detailed below-
1. The infinite plane of a perfect graphene shows a zero electronic band gap with electrons having zero effective mass where valance and conduction bands meet [10]. This makes graphene an anomalous material, which does not behave as either a metal semiconductor. 
2. Several methods have been employed for introducing a tunable band gap required for the nanoelectronics applications, such substrate effects, modified dimensions as in nanoribbons, and application of electric field [11].

3. Graphene exhibits a number of exotic physical properties, previously not observed at the nanoscale. 

4. The observation of room-temperature quantum Hall Effect, 

5. Ultrahigh electron mobility and ballistic transport,

6. Long electron mean free paths,

7. Superior thermal conductivity, 

8. Great mechanical strength, and remarkable flexibility

9. Graphene sheet is impermeable to molecules even as small as helium [12]

10. Graphene has large surface-to –volume ratios, thus can be collapse into other carbon allotropes.
Importantly, the usual Schrödinger equations are not suffice to study unconventional properties of graphene. Application of relativistic considerations may reveal new areas makes graphene a unique bench-top to study the quantum theory for relativistic particles.                                                                   

Unique properties of graphene and its possible applications in electronic devices and composite materials have offered a competition with CNT. The hopes for the new graphene material are high and the list of potential applications is long [13, 14]. However, for the future applications it is essential to develop simple production techniques to assemble nanomaterials in a controlled fashion.
3.3 Applications

However graphene was discovered recently, its potential exploitation can be foreseen in many fields, 
1:  A revolutionary application of graphene might be in electronics. This enables faster and smaller transistors consuming less energy and dissipating heat faster than silicon based devices. 
2: Graphene can be used for the fabrication of chemical sensors [15] and transparent conducting films for solar cells and liquid crystal devices [16]. 
3: Graphene-based chemical sensors have been applied to detect gaseous molecules, such as nitrogen dioxide and ammonia. They have shown superior sensitivities capable of detecting single molecules. 
4:  Composite materials requiring high strength can be made from graphene. Graphene also shows great promise in handling terahertz frequency signals. 
5: It might be a possible material for filling the “terahertz gap.” This provides a bridge for moving from where silicon is currently at gigahertz to higher frequencies required in photonics.
6: Chemically modified graphene sheets have been used to fabricate single bacterium bio-devices, label-free DNA sensors and other biosensors [17]. 
7: The high surface to mass ratio of graphene makes it suitable for ultra capacitors [18] and batteries.
In the project, it is planned to prepare graphene using simple and efficient technique. Study on wet Electrochemical synthesis have been carried out with this aim is used.
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Chapter-3
Biosensor

3.1 Introduction

The development of enzyme electrode by Dr. Leland C. Clark in the year 1962 was the beginning [1]. Since then large number of biosensors have been developed for applications in the fields of medicine, agriculture, biotechnology, pharmacy and analytical uses.

Biosensors have been defined as: “biosensor is a chemical sensing device in which a biologically derived recognition entity is coupled to a transducer, to allow the quantitative development of some complex biochemical parameter”. It may also be said that “biosensor is an analytical device incorporating a deliberate and intimate combination of a specific biological element (that creates a recognition event) and a physical element (that transduces the recognition event)” [2, 3].
As per the IUPAC recommendations “A biosensor is a self contained integrated device capable of providing specific quantitative or semi-quantitative analytical information using biological recognition element (biochemical receptor) which is retained in direct spatial contact with a transduction element. (Table1.1).

The “biosensor” signifies that the device is a combination of two parts:

1. Bio-element

2. Sensor-element


The specific “bio” element (enzyme) recognizes a specific analyte and the “sensor” element transduces the change in the biomolecule into electrical signal.  The transducer detects and measures this change and converts it into an electrical signal. This signal is usually small and is amplified by an amplifier before, the signal is processed and interpreted. The bio-element could be an enzyme, antibody, antigen, living cells, tissues, etc while the sensor-elements includes electric current, electric potential, intensity and phase of electromagnetic radiations, mass, conductance, impedance, temperature, viscosity, etc.
Biosensing essentiallt involve -
· Diffusion of analyte from the solution to the surface of the biosensor.

· Specific and efficient reaction of analyte with the biological component of the biosensor.

· Change in physico-chemical properties of the transducer surface.

· Amplification and measurement of the change in suitable units.
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Fig: 1 Schematic diagram showing the main components of a typical biosensor

Table 1: Various biomolecules and transducer systems used for biosensor
	BIOSENSOR

	Biological recognition  System
	Transducer System
	Data presentation

	Biological

Enzymes

Antibodies

Receptors

Nucleic Acids

Microbial cells

both live and dead)

Biomimetic

Engineered proteins

Peptide nucleic Acids

Ribozymes

Aptamers(synthetic/semi   synthetic) 

Synzymes


	      Electrochemical

Amperometric
Potentiometric

Conductimetric

Capacitive

ISFET/MOSFET

Physical

Interferometric

Refractometric

Fluorimetric

Luminometric

SPR

Surface acoustic wave

Magnetic

Coulometric/thermometry

Oscillating quartz crystal

     Viscometric
	Digital/ Analog

With/Without storage device


3.2 The salient features of biosensors are -
1. The output signal must be relevant to environmental measurement i.e. accurate.

2. The functional surface must be compatible with the transducer.

3. Non responsive to the interferant.

4. Sufficient sensitivity and resolution (i.e. detection limit ≤ 1nmol/l).

5.  The response should be accurate, precise, reproducible and linear over the useful analytical range, without dilution or concentration. It should also be free from electrical noise.
6. The biomolecule must be highly specific for the purpose of the analyses, be stable under normal storage conditions.
7. The reaction should be as independent of such physical parameters as stirring, pH and temperature. This would allow the analysis of samples with minimal pre-treatment.
8. If the biosensor is to be used for invasive monitoring in clinical situations, the probe must be tiny and biocompatible, having no toxic or antigenic effects. If it is to be used in fermenters it should be sterilisable.
9. Acceptability by user and easy operation.
10. Reproducible and easy to calibrate and test.
11. Reliability, self-checking capability and physical robustness.
12. The complete biosensor should be cheap, small, portable and capable of being used by semi-skilled operators.
13. There should be a market for the biosensor. There is clearly little purpose developing a biosensor if other factors (e.g. government subsidies, the continued employment of skilled analysts, or poor customer perception) encourage the use of traditional methods and discourage the decentralization of laboratory testing.
3.3 Classification of Biosensors

3.3.1 Classification of biosensors on the basis of transducers
      Transducer is important part which makes use of physical change accompanying the reaction i.e. the process of biological recognition .Biosensors based on different biomaterials may involve different transducer element for detection of the biochemical reaction occurred due to presence of specific analyte.
(a) Piezoelectric Transducer

 
Piezoelectric sensors utilize crystals which undergo an elastic deformation when an electrical potential is applied to them. An alternating potential (A.C.) produce a standing wave in the crystal at a characteristic frequency. This frequency is highly dependent on the elastic properties of the crystal, such that if a crystal is coated with a biological recognition element the binding of a (large) target analyte to a receptor will produce a change in the resonance frequency, which gives a binding signal. This resonant frequency changes as molecule adsorb or desorb from the surface of the crystal, which is stated as equation1.

                                                 Δf = Kf2 Δm/A                                                                     (1)

 Where Δf is the change in resonant frequency (Hz), Δm is the change in mass of absorb material (g), K is a constant for the particular crystal dependent on factors such as density and A is the adsorbing surface area (cm2). This frequency change can be easily detected by relatively unsophisticated electronic circuit. Thus, this type of mass sensing transducer offers good technique to detect the change in the mass adsorbed or desorbed onto the piezoelectric crystal. Quartz Crystal Microbalance (QCM) is a type of piezoelectric material [4].  
(b) Optical Transducer


Optical transducers in biosensors are applied to measure the response due to illumination or light emission or absorbance. Optical biosensors offer advantages in terms of miniaturization, low cost, disposability and no electrical inference. Because fiber sensors are made glass, they environmentally rugged, and can tolerate high temperature, vibrations, shock and other hursh conditions. Optical biosensors can measure absorbance, fluorescence, evanescent wave, or surface plasmon resonance.
       Optical biosensors based on the phenomenon of surface plasmon resonance are evanescent wave techniques. This utilizes a property shown of gold and other materials, specifically that a thin layer of gold on a high refractive index glass surface can absorb laser light, producing electron waves (surface plasmon’s) on the gold surface. This occurs only at a specific angle and wavelength of incident light and is highly dependent on the surface of the gold, such that binding of a target analyte to a receptor on the gold surface produces a measurable signal.

        Surface plasmon resonance sensors operate using a sensor chip consisting of a plastic cassette supporting a glass plate, one side of which is coated with a microscopic layer of gold. This side contacts the optical detection apparatus of the instrument. The opposite side is then contacted with a microfluidic flow system. The contact with the flow system creates channels across which reagents can be passed in solution. This side of the glass sensor chip can be modified in a number of ways, to allow easy attachment of molecules of interest. Normally it is coated in carboxymethyl dextran or similar compound.

        Light, at a fixed wavelength is reflected off the gold side of the chip, at the angle of total internal reflection and detected inside the instrument. This induces the evanescent wave to penetrate through the glass plate and some way into the liquid flowing over the surface.

       The refractive index at the flow side of the chip surface has a direct influence on the behavior of the light reflected off the gold side. Binding to the flow side of the chip has an effect on the refractive index and in this way biological interactions can be measured to a high degree of sensitivity with some sort of energy [5, 6, 7, 8, 9].
       A popular example is a biosensor, which makes use of luciferase enzyme for detection of bacteria in food.
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(c) Thermal Transducer

       Thermometric devices predominantly measure the changes in temperature of the circulating fluid following the reaction of a suitable substrate with the immobilized enzyme molecules. Thermometric measurement in this context deals with measurement of heat evolved or absorbed during a biochemical reaction. The total heat of evolution or absorption is proportional to the molar enthalpy and to the total number of product molecules created in the biochemical reaction (Equation 2)   

                                            ΔT = -ΔH. np/Cp (spaces)                                                 (2)

          ΔT is change in temperature, ΔH is change in enthalpy, np is moles of product, Cp is heat capacity.

       Thermistors are used to measure this temperature change. A thermistor is a very sensitive temperature transducer. These are resistors with a very high negative temperature coefficient of resistance. These are ceramic semiconductors fabricated by sintering mixtures of manganese, nickel, cobalt, iron and uranium oxides. A change in temperature is reflected as a   change in the resistance. Thermal biosensors have been used successfully in the laboratory conditions for clinical monitoring of blood glucose, cholesterol, cholesterol esters, heavy metal ions such as Hg2+, Cu2+, Ag+, TESILA (thermometric biosensor to enzyme linked immunosorbent assay) etc.
(d) Electrochemical Transducer

        The underlying principle for this class of biosensors is that many chemical reactions produce or consume ions or electrons which in turn cause some change in the electrical properties of the solution which can be sensed out and used as measuring parameter. Various changes occurring due to biochemical reactions or changes occurring in an electrochemical cell can be detected by measuring the different variables such as current, potentials, impedance, capacitance, charge etc [10]. Electrochemical biosensors on the basis of measuring electrical parameters can be classified into:
i. Conductimetric: The measured parameter is the electrical conductance/resistance of the solution. When electrochemical reactions produce ions or electrons the overall conductivity/resistivity of the solution changes. This change is measured and calibrated to a proper scale. Conductance measurement has relatively low sensitivity. The electric field generated using sinusoidal voltage (AC) which helps in minimizing undesirable effects such as Faradic process, double layer charging and concentration polarization.
ii. Amperometric: This high sensitivity biosensor can detect electroactive species present in biological test samples. Since the biological test samples may not be intrinsically electro-active, enzymes needed to catalyze production of radio-active species. In this case, the measured parameter is current
iii. Potentiometric: In this type of sensors the measured parameter is oxidation/reduction potential (of an electrochemical reaction). It works on the principle that when a voltage is applied to an electrode in solution the current flow occurs because of electrochemical reaction. The voltage at which these reactions occur indicate a particular reaction and particular species. These transducers measure the potential difference between a working electrode and a second reference electrode under the condition of zero current flow. There is direct logarithmic relationship between the charge generated at the electrode and the activity of the ion of interest. Since the analyte is not consumed in this device, it is non-destructive technique. Reactions involving the release or absorption of ions that may be utilized by potentiometric biosensors. 
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iv. Field- Effect-Transistors: The field-effect transistor (FET) is a type of transistor that relies on an electric field to control the shape and hence the conductivity of a 'channel' in a semiconductor material. The electric field in biosensing is governed by the presence or change of charge over the metal oxide gate surface of the FET. Most popular FET used for biosensing is ISFET (Ion Sensitive FET).
3.3.2 Classifications of biosensor on the basis of  bio-recognition element
      The bioactive element could be an enzyme, an antibody, a cell (bacterial or fungal), a tissue slice, a receptor molecule, nucleic acid or bio-mimetic components such as engineered proteins, peptide nucleic acids, aptamers (synthetic/semi synthetic),and ribozymes synzymes (Table 1.1). Biosensor may be classified according to the biological specificity-conferring mechanism or, alternatively, to the mode of physicochemical signal transduction. Biosensors may be further classified according to the analytes or reactions that they monitor: direct monitoring of analytes concentration or of reaction producing or consuming such analytes; alternatively, an indirect monitoring of inhibitor or activator of the biological recognition element (biochemical receptor) may be achieved. Therefore, broadly a biosensor could be classified as:
(a) Catalytic Biosensors

   
Enzyme and microbial cell based biosensors come in this category. The immobilized sensing biomolecule act as a catalyst and catalyze the biochemical reaction. Various examples of catalytic biosensors are glucose biosensors (glucose oxidase based) [11], cholesterol biosensor (cholesterol oxidase and cholesterol esterase based) [12], urea biosensor (Urease based) [13], etc.
(b) Affinity Biosensors  

 
   This type of biosensors exploits the affinity between the analyte and the biocomponent immobilized onto the sensor surface. Biomolecules such as antibodies, nucleic acids, hormones, etc are used to bind complementary molecules irreversibly and non-covalently. The basic principle behind the affinity biosensor is that the analyte must be complementary to the immobilized biocomponent. Immunosensor [14] and DNA biosensors [15] come under this category.
(c)  Whole cell biosensor

    
Biological cells can be regarded as small membrane-bound  structures containing a high concentration of chemicals, including enzymes, nucleic acids, ions many types of proteins, small organic molecules and a host of others. A major challenge in exploiting whole (intact) cells in biosensor research is the problem of achieving selective transduction   of a specific biochemical event or process. The stability biological cells are of critical importance in biosensor application [17].
3.4 Various Methods for immobilization:

           Various methods have been reported for the immobilization of desired bio-molecules onto substrate. Depending on the solid support material selected immobilization can be done by the following methods.

i. Physical adsorption
        The physical adsorption scheme is dependent of van deer Waals forces hydrophobic forces, hydrogen bonds, and ionic forces to attach the biomaterial to the surface of the sensor. Some of the commonly used matrices are ion exchange matrices, porous carbon, clays, hydrous metal oxides, glasses, etc. A major advantage of adsorption as a general method of immobilizing enzymes is that usually no reagents and only a minimum of activation steps are required [19].
       However, it has the disadvantage that the adsorbed enzyme may leak from the carrier during use due to a weak binding force between the enzyme and the carrier. Because of the weak bonds involved, desorption of the protein resulting from changes in temperature, pH, ionic strength or even the mere presence of substrate, is often observed.

ii. Covalent binding
       In the case of the covalent bonding the sensor surface is treated as a reactive group to which the biological materials can bind. The strength of binding is very strong and there is negligible loss of biological materials. The most commonly employed matrices are agarose, cellulose, polyacrlyamides, etc [20].
iii. Membrane confinement
 
In the membrane confinement entrapment scheme, a semi permeable membrane separated the analyte and the bioelement, and the sensor is attached to the bioelement. The disadvantage of method is if product accumulates rapidly then the capsule may rupture.
iv. Entrapment


The porous entrapment scheme is based on forming a porous encapsulation matrix around the biological material that helps in binding it to the sensor [21]. The major advantage is it allows the free movement of substrate and product.
Table 2: Various methods of enzyme immobilizzation with advantages and disadvantages

	Method
	Advantages
	Disadvantages

	Entrapment and encapsulation
	· Gentle treatment

· No direct chemical modification

· Specificity of biocatalyst and analyte interaction retained
	· Applicable for small analyte detection

· High diffusion barrier to both substrate and product transport

· Continuous loss of biocatalyst

	Covalent binding
	· Low diffusional resistance

· Strong binding force between biocatalyst and matrix

· Not affected by adverse conditions of pH, ionic strength
	· May involve harsh/toxic chemicals

· Matrix not regenerable

· Frequently occurring loss of activity

	Cross-linking
	· Used in conjunction with    entrapment to reduce loss of biocomponent activity
	· Harsh treatment with toxic chemicals

· Covalent linkages formed amongst protein molecules rather than matrix

	Adsorption
	· Gentle treatment of biocatalyst

· No modification of biological component

· Matrix can be regenerated

· Maximal retention of activity
	· Very weak bonds

· Susceptible to changes in pH, temperature, ionic strength


3.5    Immobilization Matrices:

For improved response and binding of enzymes, various immobilization matrices such as Langmuir-Blodgett films, conducting polymers, nano-materials, sol-gel films, self-assembled monolayers (SAMs) etc. have been used for biosensor fabrication.
i. Self Assembly Monolayer’s
Self assembled monolayers (SAMs) are surfaces consisting of a single layer of molecules on a substrate [22]. Rather than having to use a technique such as chemical vapor deposition or molecular beam epitaxy to add molecules to a surface (often with poor control over the thickness of the molecular layer), self assembled monolayers can be prepared simply by adding a solution of the desired molecule onto the substrate surface and washing off the excess. Alkyl silane molecules, e.g. N - (2-aminoethyl) - 3-aminopropyl – trimethosysilane (AEAPTS) are another well-known example of self-assembly on silicon oxide surfaces and potentially be of great technical relevance [23].
ii. Biopolymers

These are the biological materials that can conduct current, transfer molecules from one location to another, are capable of major color changes on application of current or light and can produce cascades that can be used for amplification of an optical or electronic signal [24]. Thus are of great importance in a biosensor. Interest in the material properties of biopolymers arises from:

· Their self assembly properties

· Biocompatibility

· Non-toxicity

· Having film forming ability

· Their low cost of production 

· The wide range of environmental compatibility with the systems used with

Biopolymers
iii. Nanomaterials: 

Now- a- days nanomaterials are suitable matrices for biosensor fabrication. Various kinds of nonmaterials such as metal, oxide and semiconductor nanoparticle are being gradually applied to biosensors. Nanotechnology is defined as the creation of functional materials, devices and system through the control of matter at the 1-100nm scale. Owing to their small size, nanoparticles exhibit  unique physical, chemical, mechanical, electronic and optical properties, and markedly enhance the sensitivity and specificity of detection and these are different from those of bulk materials, and can be used to construct novel and improved sensing devices, especially electrochemical sensors and biosensors. These nanomaterials offer excellent prospects for designing novel sensing device system and enhancing the performance of the bio-analytical assay. Therefore the combination of biological molecules and nanostructured metal oxides play important role in the development of nanoscale devices for biological, medical and electronic application. A large number of nanostructured metal oxides such as zinc oxide, cerium oxide, tin oxide, titanium oxide, iron oxide, zirconium oxide, magnesium oxide, niobum oxide and praseodymium are   nanoparticles have been used for fabrication of transducer surface [25, 26, 27].  Although these nanoparticles play different roles in different electrochemical sensing systems based on their unique properties, the basic functions of nanoparticles can be mainly classified as: (1) immobilization of biomolecules; (2) catalysis of electrochemical reactions; (3) enhancement of electron transfer; (4) labeling biomolecules and (5) acting as reactant. Advantages of nanomaterials for biosensor fabrication:

· Biocompatibility

· High electron communication
· Strong adsorption of biomolecules.

· High surface area

· High catalytic efficiency,

· Non-toxicity and

· Chemical stability

· Tunable porosity

· Large surface-to-volume ratio

· Chemical inertness 

3.5 Application of Biosensor
The biosensors can have variety of biomedical and industry applications. Some of the possible applications [28] are shown in Fig 2.
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Fig 2: Applications of Biosensor
     Some potential application of biosensors are health, agriculture, horticulture, and veterinary analysis; pollution, water and microbial contamination analysis; clinical diagnosis and biomedical applications; fermentation analysis and control; industrial gases and liquids; mining and toxic gases; explosives and military arena; and flavors; essences and pheromones.
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Chapter-4
Literature Review

4.1 Introduction
 
Research and development activities have made a very distant progress in nanomaterilas for the development of biosensors [1]. Different class of nanomaterials, such as metals, metal oxides, semiconductors and conducting polymers are being used for biosensors application. Nanomaterials possess because of their unique physical, chemical, mechanical, electronic and optical properties, that markedly enhance the sensitivity and specificity of detection [2]. Various conducting material are used as matrix, mediator, and binder in fabrication of biosensor according to requirement. Each has own advantage and disadvantage.

1- Conducting polymers like ployaniline, polypyrrole etc.

2- Biopolymers such as chitosan etc.

3- Metal nanoparticle e.g. Au, Ag etc.

4- Metal oxide nanopartical like Zinc oxide etc.

5- Crystalline carbon allotropes e.g. CNT, Graphene.   
Because of high surface to volume ratio nanoparticals offers excellent prospects for designing novel sensing systems and enhancing the performance of the bioanalytical assay [3]. Isolation of graphene in 2004 has led the door of new and better era for bio-sensing applications 
4.2 Trends in Graphene Research
A brief overview of the number of publications about grapheme (Fig. 1a) indicates the growing number of publications in this field since its discovery. This diagram shows an increase by factor of approximately 10 in five years based on the Chemical Abstracts Service (CAS) database. The total number of citations per year, based on the data obtained from Web of Science (WoS), is shown in Fig. 1b. This also indicates a dramatic increase as an indication of increasing scientific impact of graphene research. The results of the citation index indicate an h-index† of 105, and average citations per paper of approximately 20. This is a measure of the scientific impact of papers on graphene. The National Science Foundation (NSF) is one of the major entities in the United States for funding graphene research. Based on NSF public database of the research grants available through the NSF website more than 28 million dollars in total has been granted to scientists in graphene research. The number of grants awarded to graphene research in 2008 is almost 10 times higher than the number tyj of grants in 2004 as shown in Fig. 1c [4].
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Fig. 1:  (a), (b) Total annual number of publications and total annual number of citation in graphene research based on CAS and WoS databases, (c) The amount of NSF funding awarded to graphene research versus year.
                    There is increased interest towards the development of biosensors that can be used to simultaneously monitor a wide range of parameters of clinical and environmental interest as well as in situ analyses. As the potential threat of bioterrorism increases, there is great need for a tool that can quickly, reliably and accurately detect contaminating bio-agents in the atmosphere.  Biosensors can essentially serve as low-cost and highly efficient devices for this purpose in addition to being used in other day-to-day applications. Now the development enzyme electrode from various fields such as VLSI, physics, chemistry, and electronics have come together to develop more sophisticated, reliable and mature biosensing devices for applications in the fields of medicine, agriculture, biotechnology, as well as the military and bioterrorism detection and prevention These biosensing devices can measures various parameters such as glucose, cholesterol, lactate creatinine and urea in blood/urine sample [5-10].

4.3 Methods for preparation of graphene
There are a number of methods for the synthesis of graphene from graphite and its derivatives. A comparison of these methods have been summarized in Table:1

	    Methods
	Electronic quality of Lay
Electronic quality of layers
	Cost
	Number

of layers
	Throughput
	Nature of

produced

graphene
	Size of layers
	Compability with chip fabrication
	Precursor

	Mechanical Exfoliation
	High
	Low
	Single and

multiple
	   Low
	Pristine
	10µm
	   No
	Graphite

	Liquid suspension graphene

oxide followed by chemical

reduction
	Low
	Low
	Single and

multiple
	   High
	Chemically modified
	Several hundred nm
	   No
	Graphite oxide

	Liquid-phase exfoliation
	High
	Low
	Single and

multiple
	    High
	Pristine
	Tens of µm to much smaller fragments
	v 
    No
	Graphite

	Epitaxial growth by thermal

desorption of Si atoms from

the SiC surface
	High
	High
	Single and

multiple
	   Low
	Pristine
	>50 µm
	    Yes
	Silicon carbide

	Epitaxial growth by chemical

vapor deposition on

transition metals
	High
	High

	Single and

multiple
	    Low
	Pristine
	> 100 µm (can be wafer –size)
	    Yes
	Hydrocarbons

	Solvothermal synthesis
	Not available
	Low
	Single and

multiple
	   High
	Chemically modified
	Tens of µm to much smaller fragments
	   No
	Ethanol

	Unzipping carbon nanotubes
	Inferior

compared to first row
	Low
	Single and

multiple
	   High
	Chemically modified
	Nano ribbon with length  of 4 µm
	    No
	Multi-walled carbon nanotubes


    4.4 Electrochemical Method


At present, there are several approaches to synthesize graphene like arc discharge method, carbon vapor method, high temperature (1000(C) pyrolysis of hydrocarbons, laser vaporization, chemical methods etc [11,12]. A common drawback of all the mentioned methods are a number of impurities incorporated in the as prepared graphene samples, whose type and amount depend on the synthesis technique. The most common are of amorphous carbonic nature such as black soot or amorphous nano-particles. To overcome these limitations we have developed a simple, inexpensive, fast and scalable wet electrochemical method for the growth of high purity crystalline garphene sheets.Graphite, Graphite intercalation compounds have been used as starting material to obtain colloidal dispersions of single grapheme sheets. 
Ideally, the use of graphite, graphite intercalation compounds or expandable graphites allows production of dispersions of high-quality graphene sheets (almost pristine graphene).A homogeneous colloidal suspension of graphene sheets or ribbons have been produced by potassium, and lithium salt.
4.5 Electrodeposition 

         Electrodeposition is the deposition of a substance on an electrode by the action of electricity (especially by electrolysis). As a certain electric current passes though an electrolyte that contains ions of a substance, the ions begin to follow the current and adhere to the negatively charged cathode [13,14]. Electrodeposition has three main attributes that make it so well suited for nano-, bio- and micro technologies.

· It can be used to grow functional material through complex 3D masks.

· It can be performed near room temperature from water-based electrolytes.

· It can be scaled down to the deposition of a few atoms or up to large dimensions.
      Nanostructured Graphene can be prepared using various techniques such as exfoliation of graphite flakes, graphite oxidation, thermal expansion, micromechanical cleaves, epitaxial growth on carbide, chemical vapor deposition etc. Compared to other methods, electrodeposition of intercalated materials is simple and is a convenient approach to prepare biocompatible materials for desired biosensors [15]. Recently, electrochemical deposition of graphene has been receiving increasing attention due to the following reasons: 
1. Thickness and morphology of films can be precisely controlled by adjusting electrochemical parameters such as current or potential and time.

2. Relatively uniform and compact thin films can be formed onto substrates of complex shapes or into column shaped material.

3. The equipment is inexpensive and production efficiency is high and

4. Higher deposition rates can be easily obtained over conventional processing.
The Electrochemical analyzer  which is used for the electrodeposition consists three main componenet, Electrochemical cell, Computer system and Potentiostat.
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A potentiostat is an electronic instrument that controls the voltage difference between a working electrode and a reference electrode.  Both electrodes are contained in an electrochemical cell.   The potentiostat implements this control by injecting current into the cell through an auxiliary, or counter, electrode. In almost all applications, the potentiostat measures the current flow between the working and auxiliary electrodes. The controlled variable in a potentiostat is the cell potential and the measured variable is the cell current. The resultant curves are displayed on monitor after the analysis by particular software. 
                                      Fig 2: Electrochemical Cell with three electrode system
 A potentiostat requires an electrochemical cell with three electrodes are given as follows. 
i. Working Electrode


The Working Electrode is the electrode where the potential is controlled and where the current is measured.  For many physical electrochemistry experiments, the Working Electrode is an "inert" material such as gold, platinum, or glassy carbon.  In these cases, the Working Electrode serves as a surface on which the electrochemical reaction takes place.  The working electrode can be bare metal or coated. For batteries, the potentiostat is connected directly to the anode or cathode of the battery.
  
ii.  Reference Electrode:

The reference electrode is used in measuring the working electrode potential. A reference electrode should have a constant electrochemical potential as long as no current flows through it. The most common lab reference electrodes are the Saturated Calomel Electrode (SCE) and the Silver/Silver Chloride (Ag/AgCl) electrodes. In field probes, a pseudo-reference (a piece of the working electrode material) is often used.
iii.  Auxiliary (Counter) Electrode:


The Auxiliary electrode is a conductor that completes the cell circuit. The auxiliary (counter) electrode in lab cells is generally an inert conductor like platinum or graphite. In field probes, it's generally another piece of the working electrode material. The current that flows into the solution via the working electrode leaves the solution via the auxiliary electrode. The electrodes are immersed in an electrolyte (an electrically conductive solution).  The collection of the electrodes, the solution, and the container holding the solution are referred to as an electrochemical cell. In this experiment pristine graphite rod is taken which serve both, counter electrode as well as source of graphene nanosheet.
 4.6 Role of solvent
          In liquid-phase exfoliation (via intercalation) of graphite, it is necessary that the nanosheet exfoliated from graphite should be well dispersed in medium to form a stable dispersion. A homogeneous colloidal dispersion is required for uniform deposition on a solid surface for further experimental and devices application. The type of solvent affects the lateral size and thickness of nanosheet. In our experiment we use water as medium. The graphene separated from graphite get attached with OH group at its periphery that make it hydrophilic and help to make homogeneous dispersion. Organic solvent are more useful to get good dispersion of graphene and probe down the formation of graphene oxide. 
​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​ Table 1 | comparison of a set of chemical approaches to produce colloidal suspensions of CMG sheets
	S.No
	Starting materials
	Dispersible solvents
	Concentration (mg ml−1)
	    Lateral size        
	Thickness(nm

	1
	 GO/MH                                                                                                                                                                      
	water
	1
	 -
	-

	2
	GO/MH
	water
	0.5
	Several hundred nm
	~1

	3
	GO/MH
	water
	0.1
	-
	~1.7

	4
	GO/MH
	water
	7
	Several hundred nm
	~1

	5
	GO/H
	Water/Methanol  acetone, acetonitrile                                           mixed solvents
	3-4
	Several hundred nm
	~1.2

	6
	GO/MH
	DMF, NMP, DMSO, HMPA             
	1
	~560mn 
	~1

	7
	GO/H 
	Water, acetone, ethanol                                                           1-propanol, ethylene glycol,                                                      DMSO, DMF, NMP, pyridine,                                                       THF


	0.5
	100-1000nm
	1.0-1.4

	8
	GO/O
	DMF, THF, CCl4, DCE                     
	0.5
	-
	0.5-2.5

	9
	Graphite floride
	DCB, MC, THF                            
	0.002-0.54
	1,600nm
	~0.95

	10
	GO/S
	DMF, DMAc, NMP                   
	1
	Several hundred nm
	1.8-2.2

	11
	GO/MH
	Hydrazine
	1.5
	Up to 20μm×40μm
	~0.6

	12
	GO/S
	THF
	<0.48
	-
	1.2

	13
	GO/S
	NMP, DMF, DCB, THF nitromethane
	0.1
	100-2,500nm
	1.1-3.5(ave. 1.75)

	14
	GO/H
	Ethanol
	1
	Several hundred nm
	~2

	15
	Graphite powder
	NMP, DMAc, GBL, DMEU     
	0.01
	Several hundred nm
	1-5

	16
	GIC
	NMP
	0.15
	Several hundred nm
	~0.35

	17
	EG
	DCE
	0.0005
	Nanoribbon(width<10nm)
	1-1.8

	18
	EG
	DMF
	-
	~250nm
	~1

	19
	EG
	Water, DMF, DMSO          
	0.015-0.020
	Several hundred nm
	2-3(2-3 layers of graphene)

	20
	Graphite rod
	DMF, DMSO, NMP
	1500-700nm
	500-700nm
	~1.1


GO, graphite oxide; MH, modified Hummers method; H, Hummers method; O, their own method; S, Staudenmaier method; EG, expandable graphite; GIC, graphite intercalation compound; DMF, dimethylformamide; DMAc, N,N′-dimethylacetamide; DMSO, dimethylsulphoxide; NMP, N-methylpyrrolidone; THF, tetrahydrofuran; MC, dichloromethane; DCE, 1,2-dichloroethane; DCB, 1,2-dichlorobenzene; HMPA, hexamethylphosphoramide; GBL, γ-butyrolactone; DMEU, 1,3-dimethyl-2-imidazolidinone.
Although the chemical modification of graphene/graphite oxide or intercalated graphite can generate homogeneous colloidal suspensions. On the other hand, the reduction of the graphene /graphene oxide by chemical methods (using reductants such as hydrazine dimethylhydrazine, hydroquinone and NaBH4), thermal methods and ultraviolet-assisted methods has produced electrically conducting CMGs [16].
4.7 Role of Concentration 

The concentration of precursor ion (used for intercalation of graphite), surfactant and complexing agent is very important to determine the size and quality of graphene sheet. Concentration of precursor ion affect the rate of intercalation, size of nanosheet , nanostructure dissociation from graphitic material and time for intercalation and dissociation.

Surfactant concentration should be low as possible because removal of surfactant is difficult which can affect the performance.

Complexing agent affects the pH so its concentration must be adjusted.
4.8 DNA (Deoxyribonucleic acid)
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Deoxyribonucleic acid (DNA) is a nucleic acid that contains the genetic instructions used in the development and functioning of all known living organisms and some viruses. The main role of DNA molecules is the long-term storage of information. DNA is often compared to a set of blueprints or a recipe, or a code, since it contains the instructions needed to construct other components of cells, such as proteins and RNA molecules. The DNA segments that carry this genetic information are called genes, but other DNA sequences have structural purposes, or are involved in regulating the use of this genetic information.

                                                   Fig. 3: Double standard DNA.

Chemically, DNA consists of two long polymers of simple units called nucleotides, with backbones made of sugars and phosphate groups joined by ester bonds. These two strands run in opposite directions to each other and are therefore anti-parallel. Attached to each sugar is one of four types of molecules called bases. It is the sequence of these four bases along the backbone that encodes information. This information is read using the genetic code, which specifies the sequence of the amino acids within proteins. The code is read by copying stretches of DNA into the related nucleic acid RNA, in a process called transcription.
4.8.1 Structure and Properties
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Fig. 4: Chemical structure of DNA. Hydrogen bonds shown as dotted lines


DNA is a long polymer made from repeating units called nucleotides [17-20]. The DNA chain is 22 to 26 Angstroms wide (2.2 to 2.6 nanometers), and one nucleotide unit is 3.3 Å (0.33 nm) long [21].  Although each individual repeating unit is very small, DNA polymers can be very large molecules containing millions of nucleotides. For instance, the largest human chromosome, chromosome number 1, is approximately 220 million base pairs long [22].
4.9 DNA-Biosensor
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A DNA biosensor is a diagnostic device having immobilized single stranded DNA onto suitable matrix to detect affinity interaction with complementary DNA strand present in a sample and express this hybridization process into measurable signal (mass, electrical charge or optical property) upon exposure to complementary DNA molecule [23].
Fig. 5: Principal of Nucleic acid biosensors based on different transducer systems
4.9.1 Mechanism of DNA Hybridization

The hydrogen bonds break (Denature) when there is a change in temperature or pH. When the conditions become normal the DNA molecule re-anneals into a double stranded configuration. This re-annealing between the single stranded DNA is known as hybridization. The re-annealing occurs because of the formation of the hydrogen bonds between the specific nucleic acid bases (junhui. et al, 1997). So this process of hybridization can be used for the detection of different species of micro-organisms as they possess specific sequences of DNA. Fig. 6 shows the hybridization of immobilized DNA. 
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                                         HYBRIDIZATION

                                     Fig. 6: DNA hybridization
4.9.2   Methods of DNA immobilization


           There are four principal methods available for immobilization: Adsorption, Covalent Binding, Entrapment, and Membrane confinement. Out of these four methods only two methods i.e. adsorption and covalent binding are mostely used for the fabrication of DNA hybridization biosensor, because DNA is a macromolecule and analyte which is needed to be detected is again a complementary DNA i.e. macromolecule which cannot diffuse into the membrane/matrix to hybridize with the immobilized DNA probe.
(a) Adsorption 

           It is the simplest method to immobilize the nucleic acids on the surface. The physical adsorption is dependent on a combination of vander waals forces, hydrophobic forces, hydrogen bonds and ionic forces to attach the biomolecule to the surface of the carrier matrix. Fig. 7 shows the strategy of adsorption. Special nucleic acid modifications and reagents are not needed for this type of immobilization methods. Some of the commonly used matrices are polystyrene matrices, nylon membranes, hydrous metal oxides and carbon past transducers.
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                                      Fig .7:  DNA Adsorption
Other Methods are described briefly in chapter 3 (3.4). 

(b) Covalent binding 

(c) Avidin-Biotin Complexation

(d) Entrapment  
4.9.3 DNA hybridization detection

    There are two possible ways for detection DNA hybridization event:
        1: To detect guanine moiety signal 

        2: To use electroactive indicators for hybridization detection.

4.9.4 Methylene blue (MB)

         Methylene blue (MB) is an organic dye that belongs to the phenothiazine family as shown in Fig. MB is a redox indicator with a potential in the range of -0.10 to -0.40V (Vs Sec) in pH 4-11 medium. This is close to the redox potentials of many biomolecules and so it is used as an electron transfer mediator (Ju et al, 1995)

         Methylene blue has strong affinity for single stranded DNA. Upon hybridization with a complementary DNA strand, a DNA duplex is formed and a decrease in the methylene blue signal is observed. This decrease in methylene blue signal is due to the fact that its access to the guanine bases is restricted by duplex formation (Eedem et al, 2000; Kerman et al, 2002)
4.10 Work at BECPRGL


In Bomolecular Electronics & Conducting Polymer Research Group (BECPRG), National Physical Laboratory, currently a lot of progress is being carried towards the preparation and characterization of various immobilization matrices such as conducting polymer, nanomaterials, nanocomposite films, self-assemble monolayer (SAM) etc., using different techniques including electrochemical polymerization, Langmuir Boldgett, sol-gel derived, rf sputtering, etc which can further be used as bioelectrodes in order to sense the desired analyte which can be a biological element from among enzymes, nucleic acids, antibodies, cells etc.
A great success has already been achieved in developing such analyte specific bioelectrodes. Some recent works include:

1. Conducting polymer based enzymatic biosensor 

2. Ultrasensitive DNA hybridization biosensor based on conducting polymers, etc.

3. Nanomaterials such as gold (Au), zinc oxide (ZnO), cerium oxide (CeO2), Iron oxide

    (Fe3O4) for application to biosensor

4. Inorganic nanoparticles - conducting polymer biosensor

5. Metal oxide nanoparticles - CH composite based biosensor

6-SWCNT and MWCNT-conducting polymer based enzymatic biosensor 

In the past, BECPRG has registered a great success to its esteemed name when they developed a strip type glucose biosensor named as "NPL GLUCOSENSE". A patent on the fabrication of disposable glucose sensing strip has been filed in 1993 and got approved in 1997. The know-how for the manufacture of glucose biosensor has been transferred to two industries of India i.e. Gamma Instrumentation Pvt. Ltd., Faridabad (Haryana) and Pulsatum Health Care Pvt. Ltd., Bangalore for commercial production. The marketing of this Blood Glucose Sensor has been started in India from Jan. 1996 by these two companies. Recently, BECPRG has been completes the device fabrication work of CHOLESTEROL BIOSENSOR and will be in market very soon.

And efforts are  being continued towards the discovery and development of the new sensing materials (or films) without ignoring the improvement of the previously developed ones. In same sequence, seeing the promising electronic properties of graphene, it has been decided to use the graphene nanosheet as bio-electrode in various bio-sensors.
4.11 Future Prospect 
(i) Micro Instrumentations:


The third generations of biosensors have built in signal processing circuitry. When such sensors combined with the micro scale valves actuators currently under development (utilizing micromachining technology), analytical instruments can be built on silicon wafer. Such an instrument can be mass produced and used in a variety of applications including homes, hospitals, automobiles and toxic dump sites [24].   
(ii) Data Processing and Pattern Recognition:

If one compares the present-day, biosensors with the natural ones (the nose and eye) are very crude and simplistic. The recognition molecules in the ‘natural sensor’ are specific and the signal transduction via the biomolecules is sophisticated. The specificity often comes from the processing of the data collected and recognizing the pattern via a continuous learning process. 
 (iii) Molecular electronics and multi-disciplinary nature:
           The effort to continuously increasing the density of electronic components to obtained ever smaller package will be limited eventually, not by the microlithographic technique employed but by the minimum size allowable for a transistor.
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Chapter-5
Characterization techniques
In this study, we have used fallowing techniques for characterization of RGO and DNA/RGO/ITO electrode.

1- Electrochemical Impedance Spectroscopy
2- Cyclic Voltammetry
3- Differential Pulse Voltammetry

4- Fourier Transform Infrared (FTIR) Spectroscopy
5- Raman Spectroscopy
6- Uv/Visible Spectroscopy
7- Scanning Electron Microscopy

8- Transmission electron microscopy (TEM)
These techniques have been described in brief below- 
5.1 Electrochemical Impedance Spectroscopy 

EIS is a powerful technique for the characterization of electrochemical systems. The promise of EIS is that, with a single experimental procedure encompassing a sufficiently broad range of frequencies, the influence of the governing physical and chemical phenomena may be isolated and distinguished at a given applied potential. EIS has found widespread applications in the field of characterization of materials. It is routinely used in the characterization of coatings, batteries, fuel cells, and corrosion phenomena. It has also been used extensively as a tool for investigating mechanisms in electro-deposition, electrodissolution, passivity, and corrosion studies. It is gaining popularity in the investigation of diffusion of ions across membranes and in the study of semiconductor interfaces. The fundamental approach of all impedance methods is to apply a small amplitude sinusoidal excitation signal to the system under investigation and measure the response (current or voltage or another signal of interest) [1].
5.2 Cyclic Voltammetry

Cyclic voltammetry (CV) is widely used for the study of redox processes, for understanding reaction intermediates, and for obtaining stability of reaction products [2] is shown in fig.1. This technique is based on varying the applied potential at a working electrode in both forward and reverse directions (at some scan rate) while monitoring the current. For example, the initial scan could be in the negative direction to the switching potential. At that point the scan would be reversed and run in the positive direction. Depending on the analysis, one full cycle, a partial cycle, or a series of cycles can be performed. The important parameters in a cyclic voltammogram are the peak potentials (Epc, Epa) and peak currents (ipc, ipa) of the cathodic and anodic peaks, respectively. If the electron transfer process is fast compared with other processes (such as diffusion), the reaction is said to be electrochemically reversible, and the peak separation is
                                    DEp = Epa – Epc = 2.303 RT log nF

Irreversibility due to a slow electron transfer rate results in DEp > 0.0592/n V.

The formal reduction potential (Eo) for a reversible couple is given by

                                   E0= (Epc+Epa)/2                                                    (1)

 For a reversible reaction, the concentration is related to peak current by the Randles–Sevcik expression (at 25 °C):

                       ip=2.686x105n3/2Ac0D1/2𝛎1/2                                  (2)
 Where ip is the peak current in amps, A is the electrode area (cm2), D is the diffusion coefficient (cm2 s–1), C0  QUOTE 
 is the concentration in mol cm–3, and n is the scan rate in V s–1. Cyclic voltammetry is carried out in quiescent solution to ensure diffusion control. A three-electrode arrangement is used. Working electrodes include glassy carbon, platinum, gold, graphite, and carbon paste.
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Figure 1: Typical cyclic voltammogram
5.3 Differential Pulse Voltammetry
Differential pulse voltammetry is often used to make electrochemical measurements. It can be considered as a derivative of linear sweep voltammetry or staircase voltammetry, with a series of regular voltage pulses superimposed on the potential linear sweep or stair steps. The current is measured immediately before each potential change, and the current difference is plotted as a function of potential. By sampling the current just before the potential is changed, the effect of the charging current can be decreased. The potential between the working electrode and the reference electrode is changed as a pulse from an initial potential to an inter-level potential and remains at the inter-level potential for about 5 to 100 milliseconds; then it changes to the final potential, which is different from the initial potential. The pulse is repeated, changing the final potential, and a constant difference is kept between the initial and the inter-level potential. The value of the current between the working electrode and auxiliary electrode before and after the pulse are sampled and their differences are plotted versus potential [2].
5.4 Fourier Transform Infrared (FTIR) Spectroscopy
           Fourier transform infrared (FTIR) spectroscopy is a measurement technique for collecting infrared spectra. Instead of recording the amount of energy absorbed when the frequency of the infra-red light is varied (monochromator), the IR light is guided through an interferometer. After passing through the sample, the measured signal is the interferogram. Performing a mathematical Fourier transform on this signal results in a spectrum identical to that from conventional (dispersive) infrared spectroscopy.

Light travels from the IR source to the beam splitter, where 50% of light is reflected to the fixed mirror and 50% light is transmitted to the movable mirror (Fig: 2). The light is reflected and recombined at the beam splitter before passing through the sample and to the detector. As the intensity of the recombined light is recoded at the detector the movable mirror travel towards the beam splitter, producing interferogram. A Fourier transform is used a spectrum from the interferogram.

[image: image42.emf]
Fig 2: Typical apparatus of FTIR
FT-IR is most useful for identifying chemicals. It can be applied to the analysis of solids, liquids, and gasses [3]. The term FT-IR refers to a manner in which the data is collected and converted from an interference pattern to a spectrum. FT-IR instruments are computerized which makes them faster and more sensitive than the older dispersive instruments. FT-IR is perhaps the most powerful tool for identifying types of chemical bonds (functional groups). The wavelength of light absorbed is characteristic of the chemical bond as can be seen in this annotated spectrum. Molecular bonds vibrate at various frequencies depending on the elements and the type of bonds. According to quantum mechanics, these frequencies correspond to the ground state (lowest frequency) and several excited states (higher frequencies). One way to cause the frequency of a molecular vibration to increase is to excite the bond by having it absorb light energy.
5.5 Raman Spectroscopy
Raman spectroscopy is a spectroscopic technique based on inelastic scattering of monochromatic light, usually from a laser source. Inelastic scattering means that the frequency of photons in monochromatic light changes upon interaction with a sample. Photons of the laser light are absorbed by the sample and then reemitted. Frequency of the reemitted photons is shifted up or down in comparison with original monochromatic frequency, which is called the Raman Effect. This shift provides information about vibrational, rotational and other low frequency transitions in molecules. Raman spectroscopy can be used to study solid, liquid and gaseous samples [4, 5].
Amplitude of vibration is called a nuclear displacement. In other words, monochromatic laser light with frequency υ0 excites molecules and transforms them into oscillating dipoles. Such oscillating dipoles emit light of three different frequencies (Fig.3 (a)) when:
1. A molecule with no Raman-active modes absorbs a photon with the frequency υ0. The excited molecule returns back to the same basic vibrational state and emits light with the same frequency υ0 as an excitation source. This type if interaction is called an elastic Rayleigh scattering Fig. 3(b)
2. A photon with frequency υ0 is absorbed by Raman-active molecule which at the time of interaction is in the basic vibrational state. Part of the photon’s energy is transferred to the Raman-active mode with frequency υm and the resulting frequency of scattered light is reduced to υ0 - υm. This Raman frequency is called Stokes frequency, or just “Stokes” Fig. 3(b).
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3. A photon with frequency υ0 is absorbed by a Raman-active molecule, which, at the time of interaction, is already in the excited vibrational state. Excessive energy of excited Raman active mode is released, molecule returns to the basic vibrational state and the resulting frequency of scattered light goes up to υ0 + υm. This Raman frequency is called Anti-Stokes frequency, or just “Anti-Stokes” Fig.3(b).

(a)                                                (b)
Figure 3 (a) Raman transitional schemes (b) Energy level diagram showing the states involved in Raman signal. The line thickness is roughly proportional to the signal strength from the different transitions.
A Raman system typically consists of four major components (fig. 4) -
1. Excitation source (Laser).

2. Sample illumination system and light collection optics.

3. Wavelength selector (Filter or Spectrophotometer).
4. Detector (Photodiode array, CCD or PMT)
[image: image44.emf]
                                                        Fig.4 Schematic of Raman Spectrometer
5.6  Uv/Visible Spectroscopy

Absorption in the ultraviolet (UV) and visible (Vis) region of the spectrum is an important technique of analysis and is dependent on the electronic structure of the molecule [6]. This is an excellent tool for detection and for determining the concentration of a compound which absorbs the energy in the UV-vis region (Fig.5). A UV-vis absorption spectrum obeys the Beer-Lambert Law

                                    A = -log I/IO = εlc 

           Where, I is intensity of light, A is defined as absorbance and it is found to be directly proportional to the path length, l, and the concentration of the sample, c. The extinction coefficient (ε) is characteristic of the substance under study and is a function of the wavelength.


UV/Vis involves the spectroscopy of photons in the UV-visible region. This means it uses light in the visible and adjacent (near ultraviolet (UV) and near infrared (NIR)) ranges. The absorption in the visible ranges directly affects the color of the chemicals involved. In this region of the electromagnetic spectrum, molecules undergo electronic transitions. This technique is complementary to fluorescence spectroscopy, in that fluorescence deals with transitions from the excited state to the ground state, while absorption measures transitions from the ground state to the excited state.   In sunlight (or white light) as uniform or homogeneous in color, it is actually composed of a broad range of radiation wavelengths in the ultraviolet (UV), visible and infrared (IR) portions of the spectrum. Electromagnetic radiation such as visible light is commonly treated as a wave phenomenon, characterized by a wavelength or frequency. The wavelengths of what we perceive as particular colors in the visible portion of the spectrum are displayed and listed below. In horizontal diagrams, such as the one on the bottom left, wavelength will increase on moving from left to right.             
· Violet:      400 - 420 nm 

· Indigo:     420 - 440 nm 

· Blue:        440 - 490 nm 

· Green:     490 - 570 nm 

· Yellow:     570 - 585 nm 

· Orange:   585 - 620 nm 

· Red:        620 - 780 nm
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Fig. 5: Schematic of U/Vis Spectrometer
When sample molecules are exposed to light having an energy that matches a possible electronic transition within the molecule, some of the light energy will be absorbed as the electron is promoted to a higher energy orbital. An optical spectrometer records the wavelengths at which absorption occurs, together with the degree of absorption at each wavelength. The resulting spectrum is presented as a graph of absorbance (A) versus wavelength.
5.7 Scanning Electron Microscopy (SEM)

The scanning electron microscope (SEM) is a type of electron microscope (Fig: 6) that images the sample surface by scanning it with a high-energy beam of electrons in a raster scan pattern [7]. The electrons interact with the atoms that make up the sample producing signals that contain information about the sample's surface topography, composition and other properties such as electrical conductivity. The SEM produces images by probing the specimen with a focused electron beam that is scanned across a rectangular area of the specimen. At each point on the specimen the incident electron beam loses some energy, and that lost energy is converted into other 
[image: image46.wmf]-0.6

-0.5

-0.4

-0.3

-0.2

-0.1

1.0x10

-5

2.0x10

-5

3.0x10

-5

4.0x10

-5

5.0x10

-5

6.0x10

-5

7.0x10

-5

0.0

0.5

1.0

1.5

2.0

3.0x10

-5

3.5x10

-5

4.0x10

-5

4.5x10

-5

5.0x10

-5

5.5x10

-5

Current (A)

Log[Target DNA concentration in 

m

M]

ssDNA

1

m

M

25

m

M

50

m

M

Current (A)

Potential (V vs Ag/AgCl)

100

m

M


Fig. 6: Schematic of Scanning electron microscope
forms, such as heat, emission of low-energy secondary electrons, light emission (cathodoluminescence) or x-ray emission. The display of the SEM maps the varying intensity of any of these signals into the image in a position corresponding to the position of the beam on the specimen when the signal was generated. In the SEM image of an ant shown at right, the image was constructed from signals produced by a secondary electron detector, the normal or conventional imaging mode in most SEMs. However the SEM image relies on surface processes rather than transmission it is able to image bulk samples up to several centimeters in size (depending on instrument design) and has a much greater depth of view, and so can produce images that are a good representation of the 3D structure of the sample.
5.8 Transmission electron microscopy (TEM)
Transmission electron microscopy is a microscopic technique in which a beam of  electrons transmitted through an ultra thin specimen, interacting with the specimen as it passes through. An image is formed due to the interaction of the electrons transmitted through the specimen. The image is magnified and focused onto an imaging device, a fluorescent screen, or on a photographic film, or detected by a sensor such as a CCD camera.

TEMs are capable of imaging at a significantly higher resolution than light microscopes, due to the small wavelength of electrons. This enables the instrument's user to examine fine detail—even as small as a single column of atoms, which is tens of thousands times smaller than the smallest resolvable object in a light microscope. TEM forms a major analysis method in a range of scientific fields, in both physical and biological sciences. TEMs find application in cancer research, virology, materials science as well as pollution and semiconductor research.

A TEM is composed of several components (Fig.7), which include a vacuum system in which the electrons travel an electron emission source for generation of the electron stream, a series of electromagnetic lenses, as well as electrostatic plates. The latter two allow the operator to guide and manipulate the beam as required. There is also a device required to allow the insertion, motion within, and removal of specimens from the beam path. Imaging devices are subsequently used to create an image from the electrons that exit from the system [8, 9].

The main component of TEM is given as fallow-

1. Vacuum system

2. Specimen stage

3. Electron gun

4. Electron lens

5. Apertures
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                                           Fig. 7 Schematic of Transmission electron microscope
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Chapter-6
METHODOLOGY

6.1: Work Plan

1. Electrochemical deposition of nanostructured graphene on indium-tin-oxide (ITO) coated glass plates
a. Electrochemical deposition of nanostructured graphene oxide (GO) onto ITO.

b. Reduction of graphene oxide (GO) into graphene.

2. Characterization of nanostructured graphene oxide (GO) and graphene (RGO).
a. Characterization of GO by Fourier Transform Infrared (FT-IR) technique.
b. Characterization of RGO electrode using FT-IR Spectroscopy, Scanning Electron microscopy (SEM), Electrochemical impedance analysis (EIS), Cyclic voltammetry (CV),  and UV-Vis techniques.
3. Fabrication of nucleic acid functionalized graphene (DNA/RGO/ITO) bioelectrode for Mycobacterium tuberculosis detection
a. Immobilization of probe DNA (ssDNA) specific to Mycobacterium tuberculosis (M.tuberculosis) onto electrochemically deposited graphene (RGO/ITO) via physisorption.
b. Characterization of DNA/RGO/ITO bioelectrode using FT-IR, SEM, EIS techniques.

c. Electrochemical response studies of DNA immobilized graphene electrode (DNA/RGO/ITO) by differential pulse voltammetric (DPV) technique.

6.2: Materials and methods

      Graphite Rod, Potassium iodide, Sodium dodecyle sulphate, Triethanolamine, Hydrazine hydrate (80%), Ammonia solution (25%) and oligonucleotide probe sequence specific to M.Tuberculosis, complementary, sequence have been procured from Ranboxy Pvt. Ltd, Loba Chemie Pvt. Ltd., Central Drug house Ltd., Merck, India and Sigma–Aldrich, Milwankee, USA, respectively. Indium-tin-oxide (ITO) coated glass substrates have been obtained from Balzers UK. All the chemicals and reagents used in the present studies are of molecular biology (MB) grade. These reagents have been prepared in de-ionized water (Milli Q 10 TS). The solutions and glass wares are autoclaved prior to being used. The DNA sequences used for electrochemical hybridization detection are given below:
Probe sequence : 5´- GGT CTT CGT GGC CGG CGT TCA-3´

Complementary : 5´- TGA ACG CCG GCC ACG AAG ACC-3´

Table 1: Material used and their functions

	Materials
	Functions

	1. Graphite Rod


	graphite rod is used as counter electrode and the source of graphene

	
	

	2. Potassium iodide (KI)

	Potassium iodide has been used as a source of potassium precursor ion (K+). These precursor ions get intercalated in between the outer and penultimate planes, thus weakening the vander-Wals attractive forces between planes. Once the penultimate and outer graphite planes loosened up from each other, the outer plane can be easily librated under the influence of applied external eclectic field. The smaller size of potassium ion helps to penetrate in to graphitic planes.

	
	

	3. Sodium dodecyle sulphate (SDS)

	Sodium dodecyle sulphate has been used as surfactant to dissolve and stabilized the grapheme sheet in suspension.

	
	

	4. Triethanolamine (TEA)
	TEA helps the potassium ion to penetrate in graphitic plane by complex formation.

	
	

	5. Hydrazine hydrate
	Acting as a reducing agent.


6.3: Methodology
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Fig.1. Block diagram of the methodology of RGO/ITO and DNA/RGO/ITO electrode
6.3.1 Preparation of reaction mixture 

        For the synthesis of nanostructured graphene a reaction mixture has been prepared which contain, potassium iodide in the presence of sodium dodecyle sulphate as surfactant and triethenolamine as complexing agent in the molar ratio 1:0.1:0.2 respectively (Quantity ratio; KI: SDS: TEA, 3320mg: 456mg: 597.2mg  respectively) in 20 ml of deionized water. The pH of the mixture has been adjusted to 9.0 by adding ammonia solution.

6.4 Electrochemical deposition of graphene oxide (GO) onto ITO

       Graphene oxide has been deposited onto hydrolyzed indium-tin-oxide coated glass plate (ITO) via chrono-amperometry by applying a potential of −1.5V for 30s using a Potentiostat/Glavanostat (Autolab Eco Chemie, Netherlands) at room temperature. Graphite rod has been used as counter electrode, ITO as a working electrode and Ag/AgCl as reference electrode as shown in Fig. 2 

[image: image49.emf]                      

Fig.2. shows set-up of Electrochemical deposition of graphene oxide (GO) over ITO films
     As the Nanostructured graphene film were grown onto ITO coated glass plate as a working electrode (anode) at constant potential the current behavior with time in reaction mixture has shown in Fig 3.
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Fig3: Cronoamperometry method for electrodeposition of graphene onto ITO substrate
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The whole process has shown in Fig.4 given below-
                               Fig. 4 Schematic for the preparation of Graphene/ITO electrode
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Na+SO-4C12H25 ​ + H2O +2e-                      Na+SO3- -C12H25 + 2OH-……………….. (1)
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Where * and subscript add  indicate the vacancy site of the surface and the adsorption on the surface.
It is believed that during the electrodeposition of grapheme oxide, the complexing agent interact with KI and generate the precursor ion (K+)  which intercalate  inside the graphitic plane of the counter electrode, thus weakening the vanderWals attractive forces between the outer and the penultimate planes. Once the penultimate and outer graphitic planes loosened up from each other, the outer planes (GLs) can be easily liberated under the influence of applied external electric field  surfactant Sodium dodecyle Sulphate(SDS) ionized in water,  hydroxide ions produced by interaction of surfactant with water and dissolved oxygen (Eq. 1, 2) usually increase local pH of ITO substrates. The negative site of surfactant bind with graphene sheet around and become like positively charged species (Eq. 3)  which moves towards anode where graphene sheet get deposited and SDS react with hydroxide and remain in solution.(Eq.4) 
6.5 Removal of surfactant and other impurities

         Surfactant and other impurities and moisture have been removed from the deposited graphene oxide by Sonication of about 10 min and followed by the heat treatment at 100oC for 20 min. 

6.6 Reduction of graphene oxide (GO) to graphene RGO)

          Graphene oxide has been reduced to graphene by hydrazine (NH2NH2) treatment for 24 h at 80oC [1, 2] and the RGO/ITO electrodes have been characterized  using Fourier transform infrared spectroscopy (FT-IR, Perkin Elmer, Spectrum BX II), Raman spectroscopy (Innova 70, Coherent, USA, Ar+ ion laser having wavelength of 514.5 nm), UV-VIS spectrophotometric analysis (Phonix-220 DPCV), scanning electron microscopic analysis (LEO-440) and electrochemical impedance spectroscopy (EIS) and cyclic voltammetric techniques (CV), [Potentiostat/Galvanostat, Autolab Eco Chemie, Netherlands], respectively
6.7 Fabrication of DNA RGO/ITO electrode

Probe DNA (ssDNA) specific to M.tuberculosis has been immobilized via physisorption onto the RGO/ITO electrode for 3h and kept it in refrigerated condition. The DNA/ RGO/ITO bioelectrode has been optimized for hybridization time and is subjected to incubation in desired concentration from 100μM to 1 μM of the complementary target solutions for 60 s at 25oC. Subsequently, DPV measurements of DNA RGO/ITO electrode have been carried out in 0.05 M phosphate buffer (50mM, pH 7.0, 0.9% NaCl) containing 10 μl of methylene blue as redox hybridization indicator [3, 4, 5].
 

Fig. 5: Schematic for the fabrication of DNA/RGO/ITO electrode.
6.8  Precautions 
a) Indium-tin oxide (ITO) coated glass should be cut in equal size and hydrolyzed properly.
b) During the sample preparation the area of film should be equal in each sample.

c) During the deposition the volume of solution should not be more than 15ml.

d) After sample preparation, it should be covered and stored in desicater.     

e) Before FT-IR investigation, sample should be dried completely.
f) Uv-Vis spectra should be taken in solution form.

g) During electrochemical experiment clips should be tightly bound to electrodes.
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Chapter-7
RESULTS & DISCUSSION
7.1 UV-Visible Spectra   

        The prepared RGO was dispersed in deionised water and examined through UV/Vis absorption spectroscopy within 190-300 nm spectral range as shown in Fig: 1. The absorption peak is observed at 192nm, which exhibits the second primary band characteristic (in case of aromatic system it occurs at 184nm) corresponding to π→π∗ transitions of aromatic C-C bonds. The peak shows the bathochromic shift by conjugation (in polynuclear aromatic hydrocarbons) and nanostructured graphene [1]. 

Fig.1. UV-Vis spectra of RGO dispersed in water. 
7.2 Raman spectra

Fig.2 (A) shows the first order spectra of RGO, display two prominent peaks at 1435 cm-1 and 1600 cm-1  which correspond to the well known D and G band, respectively. The D band intensity provides information about the edges and other defects in the RGO sheet. The intensity ratio of the D and G band is a measure of the disorder, as expressed by the sp2/sp3 carbon ratio. So the low intensity of d band indicates fewer defects in the sheet [2, 3]. Fig.2 (B) shows the second-order spectra, display the peak at 2735 cm-1 which correspond to the 2D band. The 2D band gives information on the stacking order which revels the bilayer nature of the RGO sheet [4].

                       Fig. 2 (A) First -order spectra of RGO, (B) second-order spectra of RGO
7.3 Fourier transforms infra-red spectra (FT-IR)


Fig.3. FT-IR spectra of (A) RGO/ITO, (B) DNA/RGO/ITO


In the FTIR spectra of graphene (RGO/ITO), (Fig. 3A), peaks seen at 1543 cm-1, 1182 cm-1, 1070 cm-1 and 1008 cm-1 are due to the  presence of C=C Conjugation, C-C, C-O, C-H in-plane bending respectively. The presence of the band at 1638cm-1 indicates C=C skeletal vibrations of unoxidized graphitic domains or contribution from the stretching deformation vibration of intercalated water [5, 6, 7, 8]. In the FT-IR spectra of DNA/RGO/ITO bioelectrode (fig.3B), vibration band observed at 1049 cm-1, 1406 cm-1 and 1573 cm-1 are due to the asymmetric stretching of P–O–C and C–O stretching vibrations of PO4 backbone and purine and pirimidine rings of DNA, respectively [9]. On comparison of both spectra it has found that ssDNA properly absorbed on graphene surface.
7.4 Scanning Electron Micrograph (SEM) studies 

	Element
	Weight%
	Atomic%

	C K
	0.69
	2.75

	N K
	2.51
	8.48

	O K
	17.84
	52.84

	Si K
	2.70
	4.55

	Ln L
	68.92
	28.45

	Sn L
	7.35
	2.93

	Total
	100%
	



Fig.4. SEM images of (A) RGO/ITO, (B) DNA/RGO/ITO electrodes and (C) EDX pattern of RGO/ITO electrode

SEM image of electrodeposited Graphene/ITO films (Fig 4A) shows distribution pattern of graphene sheets on ITO surface suggesting the discrete patterned sheet morphology and presence of individual sheets in the sample[10, 11]. The inset shows clear contrast and transparent sheet suggesting very thin film of graphene consisting of less than a few layers [ 12, 13, 14]. The EDX analysis of Graphene/ITO (Fig. 4C) shows the presence of elemental carbon, oxygen which supports graphene deposition onto ITO surface. Fig.4B exhibits DNA immobilised Graphene/ITO electrode which shows absorption of DNA molecule onto the electrode surface.
7.5 Transmission electron microscopy (TEM) studies

                   Fig.5 TEM image of (A) Graphene oxide (GO), (B) Reduced Graphene Oxide (RGO) 
TEM images provide the information on phase composition and structure. Fig.5 (A) shows the image of graphene oxide having layer-like structure. Observations indicate that the average width of the sheets is of a few nanometers length. They are transparent and entangled with each other. The brightest area is corresponds to monolayer, and the darkest area is composed of few layers of graphene. The inset of fig. 5A indicates the clear contrast and transparent single sheet [15, 16, 17]. Fig. 5 (B) shows the image of RGO having sheets structure with transparent and crystalline character as shown by the wrinkled pattern. The wrinkled surface pattern indicates that the graphene oxide has thoroughly reduced in to graphene [18, 19]. 

7.6 Electrochemical Impedance Spectroscopy (EIS) analysis


Electrochemical impedance studies (EIS) have been conducted to confirm the immobilization of DNA over the graphene surface. The results of EIS measurements indicate hindrance provided by the electrode material to the transfer of charge from the solution to electrode. Thus, the change in the charge transfer resistance (RCT) value can be correlated to the modification of surface The Nyquist diameter (RCT) (Fig.6) value of RGO/ITO electrode (curve i) 775.4 Ω decreases to 470.5 Ω for DNA/RGO/ITO bioelectrode (curve ii) in the frequency range, 0.01-105 Hz indicating decreased resistance to flow of electrons from the redox probe [Fe (CN)6]3−/4− at the surface. The decrease in RCT can be assigned to potential generated in the open circuit and pH of buffer causing polarization of NH2 group in DNA backbone resulting in positive charge on DNA/RGO/ITO surface. This positive charge attracts negative charge of [Fe(CN)6]3-/4- resulting in reduced charge transfer resistance from solution to surface[20].

Fig.6 Electrochemical impedance of (i) RGO/ITO, (ii) DNA/RGO/ITO in phosphate buffer containing 5 mM [Fe(CN)6]-3/-4 at pH 7.0
7.7 Cyclic voltammetric analysis

Fig. 7 shows cyclic voltammograms (CV) obtained for RGO/ITO and DNA/RGO/ITO electrodes in phosphate buffer containing 5 mM [Fe (CN)6]-3/-4 (pH 7.0) at 25oC recorded at different scan rates (10–100 mVs-1). It can be seen that as we move towards higher scan rate, anodic potential shifts more towards the positive potential and cathodic peak potential shifts in the reverse direction suggesting a quasi-reversible process.In Fig.7 (C), it is observed that the anodic and cathodic peak currents (Ipa and Ipc) are proportional to the square root of scan rate (ν1/2) suggesting a diffusion controlled process on the modified electrode [21]. The linear regression equations are given as:
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Where R= regression coefficient and SD= standard deviation.

Fig.7: cyclic voltammograms of (A) RGO/ITO, (B) DNA/RGO/ITO (C) Plot of current as a function of square root of scan rate (10-100Vs-1) in phosphate buffer containing 5 mM [Fe(CN)6]-3/-4 at pH 7.0
7.8 Electrochemical response studies

        Figure 8 shows results of electrochemical response measurements of RGO/ITO electrode carried out as a function of target DNA concentration using MB as indicator in phosphate buffer (50 mM, pH 7.0, 0.9% NaCl) by differential pulse voltammetry (DPV). A significant decrease in the magnitude of MB signal is observed when incubated with complementary target sequence. The decrease in the MB peak height with increase in complementary DNA concentration may be attributed to the hindrance provided to MB-Guanine interactions due to increased double stranded DNA formation.

1679-1682NANO

Fig.8: DPV of ssDNA/RGO/ITO electrode after hybridization with complementary sequence in phosphate buffer containing 10µM of methylene blue (MB)
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CHAPTER -8
Conclusions & Future Prospects 

8.1 Conclusions
           The main aim of this work has been to develop fabrication and processing method for carbon-based nanomaterial by means of electrochemistry and its application as matrix in biosensor. The studies have been performed with the aim to identify important parameters and to gain fundamental knowledge on the mechanisms behind the processes used.

         
RGO is suitable nanomaterial for biosensor due to high density of edge-plane-like defective sites and oxygen containing functional groups on RGO that provide many active sites and are beneficial for accelerating electron transfer between the electrode and species in solution.

            In summary, Graphene oxide has been electrodeposited employing Chronoamperometry at -1.5V using graphite rode as source and a reaction mixture consisting of  potassium iodide, sodium dodecylesulphate and triethenolamine in molar concentration ratio 10:1:2 for 60 seconds. The deposited graphene oxide has been reduced to graphene (RGO) by hydrazine treatment at 800C for 24 hours. Raman spectroscopic analysis of RGO/ITO indicates well known D and G bands at peaks at 1435 cm-1 and 1600 cm-1 respectively. The low D band intensity suggests less defects in the RGO sheet. In the FTIR spectra of RGO/ITO, peaks seen at 1543 cm-1, 1182 cm-1, 1070 cm-1 and 1008 cm-1 are due to the  presence of C=C Conjugation, C-C, C-H in-plane bending respectively which is indicative of the presence of carbon skeleton network. 

Morphological analysis of graphene shows discrete patterned sheet morphology and presence of very thin individual sheets in the sample which provides large surface area for immobilization of DNA molecules. Cyclic voltammograms (CV) obtained for RGO/ITO and DNA/RGO/ITO electrodes in phosphate buffer containing 5 mM [Fe (CN)6]-3/-4 (pH 7.0) at 25oC recorded at different scan rates (10–100 mVs-1). It can be seen that as we move towards higher scan rate, anodic potential shifts more towards the positive potential and cathodic peak potential shifts in the reverse direction suggesting a quasi-reversible process also it is observed that the anodic and cathodic peak currents (Ipa and Ipc) are proportional to the square root of scan rate (ν1/2), suggesting a diffusion controlled process on the modified electrode. The ssDNA/RGO/ITO bioelectrode exhibits response time of 60s and can detect from 100 μM to 1 μM of the complementary target DNA.

8.2 Future Prospects
  The most essential technological challenge that graphene faces, is the hurdle of controlled production of large sheets [1]. Solving the dilemma of mass-producing high quality graphene sheets is the main focus in the field. This would be the first step towards commercially-available graphene-based electronic devices. Several approaches have been utilized to produce graphene sheets, but still there remains the question of robustness and reproducibility of the methods
       The major challenge of this method is the removal of surfactant and other impurities (metal oxide, complexing agent and oxygen moieties) from the surface of ITO as well as that intercalated between sheets.

        Second challenge is the uniform distribution and required density of graphene nanosheet on the surface of substrate.  

        Another critical issue is related to our understanding of the chemical structure(s) of RGO sheets and their reaction mechanisms. The better our knowledge of the chemistry of these materials, the better the graphene-based composites, thin films, paper-like materials and so on that we can make. For example, the prospects for sensors based on RGO will hinge on our ability to chemically tune the RGO for each sensing modality.
       As the building block of carbon materials of all dimensions, graphene exhibits specific electronic structure, properties, and physicochemistry. Graphene has shown excellent performance in direct electrochemistry of enzyme, electrochemical detection of small biomolecules, electroanalysis (electrochemical sensors for bioanalysis and environmental analysis).As a competitor to carbon nanotubes, graphene has exhibited superior performance in these applications.The future scientific research and application development of graphene-based materials/devices for electroanalysis and electro-catalysis is worthy of good research. Novel methods for well-controlled synthesis and processing of graphene should be developed. As stated in the chapter 2, graphene has been synthesized with various strategies. However, the economical production approach with high yield is still not widely available. For electrochemical applications, the approach with chemical/thermal reduction of graphene oxide looks promising [2].
         Enormous progress has been made in the development of electrochemical DNA biosensors but there are still many hurdles to be overcome for portable electrochemical DNA biosensors to become widely commercialized. The first challenge relates to the fact that DNA biosensors require some sample preparation because, unlike many other types of biosensors, the sample to be analysed is itself not readily available [3].

        On the basis of current progresses in the field of nanomaterial-assisted signal enhancement for DNA biosensors, it is prospected that the following aspect would be promising directions for developing in future that the newly-discovered and widely-focused graphene would be a potential candidate for developing novel signal-amplifiers of DNA biosensors due to its unique molecular structure [4].
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