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ABSTRACT 

The present research work shows the fabrication of potentiometric urea 

Biosensor based on magnetic nanoparticles iron oxide (Fe3O4) and cobalt oxide 

(Co3O4) through simple, economical and reproducible approach. Co-precipitation 

method has been adopted for synthesis of nanoparticles of Fe3O4 and Co3O4. Scanning 

electron microscope (SEM), X-rays powder diffraction (XRD) and Raman 

spectroscopic characterization tools have been utilized to look through the 

morphology, compositional purity, crystallinity and emission characteristics of the 

fabricated magnetic nanoparticles. The study of magnetic measurement of Fe3O4 and 

Co3O4 nanoparticles was carried out in order to confirm their ferromagnetic 

behaviour, which could be attributed to the uncompensated surface spins and/or finite 

size effects. The magnetic study depicts that the ferromagnetic order of the Fe3O4 and 

Co3O4 nanoparticles is raised with increasing the decomposition temperature. 

Furthermore, in one set of experiment, the potentiometric urea biosensor was 

fabricated by drop casting the initially prepared isopropanol and chitosan solution, 

containing Fe3O4 nanoparticles, on the glass fiber filter (2cm diameter). To extract the 

voltage signal from the functionalized nanoparticles, a copper wire (thickness ~500 

μm) has been utilized. 

The functionalization of surface of the Fe3O4 nanoparticles is obtained by the 

electrostatically immobilization of urease onto the nanobiocomposite of the Fe3O4-

chitosan (CH). Urea biosensor with enhanced sensitivity, specificity, stability and 

reusability was fabricated. Electrochemical detection procedure has been adopted to 

measure the potentiometric response over the wide logarithmic concentration range of 

the 0.1 to 80 mM. Urea biosensor based on Fe3O4 nanoparticles depicts good 

sensitivity with 42 mV per decade at room temperature. 

In other set of experiment, a potentiometric urea biosensor has been 

fabricated through the immobilization of urease enzyme onto Co3O4-CH hybrid 

nanobiocomposite on glass filter paper and a copper wire (500µm diameter) has been 

attached with nanoparticles to extract the voltage output signal. The shape, size and 

dimensions of the Co3O4 magnetic nanoparticles were investigated by scanning 

electron microscopy (SEM), and diameter of nanoparticles lies in the range between 
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80-100 nm. The structural quality of the Co3O4 nanoparticles is confirmed from X-ray 

powder diffraction (XRD) measurements while the Raman spectroscopy has been 

used to understand the chemical bonding between the different atoms. A physical 

absorption method has been adopted to immobilize the enzyme on to the surface of 

Co3O4-CH hybrid nanobiocomposite. The potentiometric sensitivity curve measured 

over the large concentration range 0.1 - 80 mM of urea electrolyte and it revealed that 

the fabricated biosensor holds good linear sensing ability with a slope curve of the 

45mV / decade.  

Besides magnetic nanoparticles, non magnetic nanoparticles silver (Ag) was 

also exploited for the fabrication of urea biosensor. Magnetic nanoparticles of Co3O4 

showed better sensitivity response of 45mV per decade in comparison to that of Fe3O4 

and Ag nanoparticles sensitivity response of 42 mV per decade. 

Presented biosensors depict good reusability, selectivity, reproducibility; 

resistance against interferers along with the nice stable output response of ~12 

seconds. Moreover, proposed biosensor was used for determination of urea 

concentration in urine and blood samples of healthy and sick people. Comparing the 

results with laboratory data indicates that results were consistent with the laboratory 

data. 

 

Keywords: Cobalt oxide (Co3O4), iron oxide (Fe3O4), magnetic nanoparticles, 

potentiometry, urea biosensor, chitosan, magnetic studies. 
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Chapter 1 

INTRODUCTION 

This chapter is divided into two parts. First part deals with the general introduction to 

nanomaterials and magnetic nanomaterial, specifically types of magnetic materials 

like diamagnetism, paramagnetism, ferromagnetism, antiferromagnetism and 

ferrimagnetism.Their properties such as magnetic moment, magnetic susceptibilility 

and magnetic anisotropy are discussed in detail. The most common nanomagnets, 

ferrites, their types and applications are also explained. Special emphasis is given to 

the magnetic nanoparticles and their applications. 

Second part deals with the introduction to biosensor, its components, 

working principle, characteristics and electrochemical biosensing aspects. Theory on 

which biosensor is based like single and dual fractal analysis is also well described. 

Urea biosensor, a focused area of the present study is highlighted in detail. Last but 

not least, most common applications of biosensors provide an overview of their utility 

in daily lives. 

1.1 Nanomaterials 

Nanotechnology is an emerging area which comprises diverse fields of science and 

engineering at the nanoscale level. Specifically, magnetic nanoparticles based 

research is playing a tremendous role in the diagnostic, therapeutic as well as for the 

clinical applications. Magnetic nanoparticles are attractive target owing to their 

unique characteristics which are not shared by other materials. In particular, magnetic 

nanoparticles have well demonstrated in the fabrication of sensors/transducers devices 

which provide faster response time and better sensitivity than the reference version of 

the sensor. 

The science of nanomaterials (NMs) with a rapid development has become 

one of the most important research branches in the modern materials science. Charles 

et al. (1986) and Spanhelet al. (1987) pointed out that nanomaterials present 

exceptional properties for their use in the life sciences [1-2]. According to 
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Steigerwald et al. (1989) nanomaterials represent unique physicochemical properties 

and have diverse applications in many research areas such as energy conversion, 

biosensing, biomedicine, electronics, photonics etc. [3]. Steigerwald et al. (1990) and 

Goldstein et al. (1992) stated that such applications of nanomaterials are promising 

for the benefit of the society at mass production level [4-5].  

Nanotechnology allows engineers, chemists, physicists and physicians to 

develop research at the molecular and cellular levels for the advancement in the life 

sciences, health care etc. 

Steigerwald et al. (1989) and Bangs et al. (1996) found that nanoclusters are 

ultrafine particles having nanometer size and exist between molecules and micron size 

structures. As these materials are so small that larger structures having dimensions up 

to 100 nm do not represent such characteristics as found in them. As molecules, they 

are large enough to provide access to vast field of quantum behaviour which would 

have not been possible otherwise [3, 6]. Kawon et al. (1995) and Davaran et al. (1996) 

pointed out that in chemistry, biology and physics many recent advances have been 

made possible due to this small size [7-8].  

Another important nanostructured material is nanocrystals. In their 

preparation key aspects need to be taken into consideration as nanocrystals properties 

are largely dependent on their size and magnitude [9-10]. The preparation of mono 

dispersed nanocrystals with controllable sizes is crucial to determine the 

physicochemical properties of nanocrystals on the basis of size [11-13]. 

Nanoparticles [NPs] due to their unique size and physicochemical properties 

offer major advantages in life sciences [14, 15]. Physical properties of NPs vary 

dramatically from their bulk counterparts so they are of the current interest for a 

variety of applications. 

Nanomaterials have wide spread applications, a few are listed below: 

 High sensitivity biosensors 

 Drug delivery 

 Bioconjugates 

 Medical implants 
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 Elimination of pollutants 

 High energy density batteries 

 High power magnets 

 Tougher and harder cutting tools 

1.2 Magnetic nanomaterial 

Magnetic particles of nanometer size are attracting fundamental and technological 

interest because of their unique magnetic properties, which are dominated by 

supermagnetism. 

1.2.1 Magnetic materials 

In any magnetic material, the magnetic moments are due to unpaired electrons in 

atoms. Alignment, or un-alignment, of magnetic moments determines the magnetic 

structure of the material. The important parameter for determining the magnetic 

structure is the exchange overlap integral of the electronic wave functions on 

neighbouring atoms. Neighbouring atomic distances determines this overlap. These 

atomic distances are subject to size effects and or crystal lattice parameters. Different 

types of magnetism are determined on the basis of the material response towards 

magnetic fields. Depending on the interaction of the materials towards magnetic field 

they can be classified into following categories: 

1) Diamagnetism 

2) Paramagnetism 

3) Ferromagnetism 

4) Anti Ferromagnetism 

5) Ferrimagnetism 

1.2.1.1 Diamagnetism 

Orbital motion of electrons creates atomic current loops, which results in magnetic 

fields. In case of external applied magnetic field to a material, these current loops tend 

to align in such a way as to oppose the applied field. This may be observed in the 
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perspective of Lenz’s law. Materials showing such magnetic response are called 

diamagnetic. Diamagnetic behaviour is inherently present in all materials. The 

susceptibilities of such materials are negative and small. For this reason, 

diamagnetism is also called negative magnetism. In these materials, electronic shells 

of the atoms are completely filled in and there are no unpaired electrons. Examples of 

diamagnetic materials are He, Ne, H2 and N2. Magnetization effect (M) of an external 

applied field in a diamagnetic system is represented by equation 1.1 and shown in 

Figure 1.1. 

𝑀 = 𝜒𝐻 (1.1) 

Where χ is susceptibility and H is magnetic field strength. 

 

Figure 1.1: Typical magnetization effect, M, of an applied field in a diamagnetic 

system [15]. 

1.2.1.2 Paramagnetism 

In the presence of a magnetic field, materials that show a small positive magnetic 

susceptibility are called paramagnetic and the magnetic effect is termed as 

paramagnetism. In case of applied field atomic, ionic, or molecular constituents of 

material show magnetic moment, and these moments are aligned in such a way to 

create a positive susceptibility. Paramagnetism has no alignment of adjacent moments 

as shown in Figure 1.2. 
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Figure 1.2: Adjacent moments are not aligned in paramagnetism. [16]. 

In terms of electronic configuration, paramagnetic materials have partially filled 

unpaired electrons often in 3d or 4f subshells of each atom. These materials have 

uncoupled magnetic moments. Paramagnetic material response towards an applied 

magnetic field is shown in Figure 1.3. 

Al, Mn, Pt, O and rare earth ions are examples of paramagnetic materials at room 

temperature. The magnetic susceptibility for a paramagnet is inversely dependent on 

temperature, which is expressed in equation 1.2. 

 𝑋 = lim
𝐻=0

𝑀

𝐻
= 

𝐶

𝑇
 (1.2) 

 

 

 

Figure 1.3: Response of paramagnetic material to an applied magnetic field [17]. 

1.2.1.3 Ferromagnetism 

Ferromagnets are characterized by a large magnetic moment due to parallel alignment 

of adjacent magnetic spins. In the presence of a small externally applied magnetic 
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field, magnetic domains line up with each other and the material is said to be 

magnetized. Alignment of adjacent magnetic spins can only occur if there is zero 

quantum mechanical overlap between the spin orbitals, for that reason ferromagnets 

are rare. Additionally, within a sample long range ordering is a function of the 

domains. Unlike paramagnets, ferromagnets in the absence of an applied magnetic 

field exhibit a net magnetic moment. Nickel, cobalt, iron and some of the rare earths 

(gadolinium, dysprosium) are the most common examples of ferromagnets. In Fe, Co, 

and Ni ferromagnetism is due to unpaired inner 3d electrons that these elements 

exhibit. The iron atom has four unpaired 3d electron, the cobalt atom three and the 

nickel atom has two as shown in Table 1.1 [16]. 

Table 1.1: Magnetic moment of neutral atoms of 3d transition elements   

 

 

 

The behaviour of ferromagnetic materials is shown in Figure 1.4. 
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Figure 1.4: Ferromagnets show parallel alignment of moments [16]. 

1.2.1.4 Antiferromagnetism 

In an antiferromagnet, due to exchange coupling between neighbouring moments an 

antiparallel alignment occurs and resulting a material with no net magnetic moment. 

In the presence of external applied field and at absolute zero, antiferromagnets behave 

like diamagnets. However, the antiparallel alignment of the magnetic spins becomes 

vulnerable to thermal fluctuations as the temperature increases. The susceptibility will 

increase until it reaches a temperature characteristic of the material where it will 

decline sharply.This sudden change indicates transformation from antiferromagnetism 

to paramagnetism, and is known as the Néel temperature (TN). Below the Néel 

temperature, the system is ordered. Ionic compounds such as metallic oxides, 

chlorides and sulfides are the examples of antiferromagnetic materials. In 

antiferromagnetic ionic solids the exchange interaction occurs indirectly through a 

mechanism called superexchange which largely depends on the presence of covalent 

bonding between metal cations and their non metallic anions. Figure 1.5 shows the 

anti parallel alignment of antiferromagnet materials.  
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Figure 1.5: Antiferromagnet exhibit anti parallel alignments [17]. 

1.2.1.5 Ferrimagnetism 

Ferrimagnets use the superexchange mechanism to create an antiparallel alignment of 

moments and to link two sublattices. However, in ferrimagnets the ions on the 

sublattices are not equal and hence do not cancel each other. On account of that 

ferrimagnets differ from antiferromagnets. This difference in spin magnitude results 

in a net magnetic moment in the absence of an applied magnetic field. Above the 

Curie temperature, paramagnetism occurs as spontaneous magnetization. That type of 

magnetization can be eliminated by thermal energy. The electron spins for 

ferrimagnets are shown in Figure 1.6. 

 

Figure 1.6: Ferrimagnets have two types of magnetic spins with varying strength 

[18]. 
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1.3 Properties of magnetic material 

1.3.1 Magnetic moment 

In solid state magnetism, the key concept is the magnetic dipole moment; m. Atomic 

electrons are the elementary magnets in solids and almost all the concerned moments 

are associated with them. The dipole moment of a magnet is the sum of the dipole 

moments of all its constituent electrons. The magnetic moment per unit volume is the 

magnetization which is denoted by M. Nuclear moments contribution to the 

magnetization is negligible, because these moments are thousand times smaller than 

electronic moments. 

The relation between electricity and magnetism was determined, when 

Oersted demonstrated the equivalence of the effects produced by magnets and 

circulating electric currents in 1820. A small current loop is equivalent to a magnetic 

moment represented by equation 1.3. 

𝑚 = 𝐼𝐴 (1.3) 

where, I is the circulating current and A is the area of the loop. Electrons carry an 

electric charge e-= - 1.602 × 10-19 C in perpetual motion according to the laws of 

quantum mechanics, so they behave as elementary current loops. The deep connection 

between electricity and magnetism is manifested in the SI unit system, where m is 

expressed in Am2. No magnetic analogue of the electric charge is known, despite 

great efforts to discover a magnetic monopole. Neverthless, it will be helpful to 

introduce fictitious magnetic surface charges to simplify certain calculations. 

1.3.2 Magnetization and susceptibility 

Inside a long solenoid H-field is denoted by nI. The vacuum inside the solenoid 

creates B-field which is denoted by μ0H = μ0nI. At this state, if an iron rod of 

permeability μ is placed inside the solenoid, the H field remains unchanged and nI 

remains the same. Now the B-field, becomes B = μxH. This B-field becomes greater 

than μ0H, and it is represented as: 

𝐵 = 𝜇0 (𝐻 + 𝑀) (1.4) 



Chapter 1 

Introduction 

 

13 

Where M is the magnetization of the material and its SI units is Am−1. B-field has two 

components μ0H and μ0nI. These two components are equal to each other which can 

be expressed as: 

μ0H = μ0nI (1.5) 

which refers externally imposed field, and μ0M, is a result of something which has 

happened within the material. So, we may define magnetization; 

𝐵 = 𝜇0𝐻 + 𝑀 (1.6) 

where magnetization would be the excess of B over μ0H. The equation B = μ0H + M  

would be analogus to    

𝐷 =  𝜀0𝐸 + 𝑃 (1.7) 

Now magnetization can be expressed in tesla rather than in Am−1. Similarly 

magnetization would be B = μ0 (H + M). It is the recommendation definition in the SI 

system and same would be used here. 

Magnetic susceptibility is the measure of how susceptible the material is to 

become magnetized and magnetic susceptibility χm of the material is denoted by: 

𝑀 = 𝑥𝑚𝐻 (1.8) 
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If we combine equation (1.3) and B = μH, the magnetic susceptibility relates 

to the relative permeability μr = μ/ μ0by 

𝜇𝑟 = 1 + 𝑥𝑚 (1.9) 

1.3.3 Magnetic anisotropy 

Magnetic anisotropy fix the magnetization in well defined directions if the magnet has 

to do work and store energy. In the simplest case, uniaxial anisotropy favours 

alignment of the magnetization along an easy axis. Conventionally, the easy axis is 

denoted by the index z and it may coincide with the C-axis in hexagonal, tetragonal 

and rhombohedral crystals or the long axis of an acicular particle. In modern 

permanent magnets, crystalline electrostatic field is the origin of the anisotropy, 

which reflects the local symmetry of the crystal. The field acts on the orbits of the 

electrons and the anisotropy arises from the spin orbit coupling of the atomic spins 

and the orbital moments.  

1.4 Ferrites 

The most common nanomagnets are ferrites, including both binary and complex 

oxides of iron. These materials have well understood magnetic properties and have 

been extensively used in biomedical applications. Ferrites are complex oxides 

containing iron with cubic close-packed (FCC) crystal structure (19). Metal ions and 

divalent oxygen ions, which are positively and negatively charged, forms an 

interlocking network in ferrite crystal structure. For example, in the magnetic 

ceramics, the various crystal structures start with the arrangement of the oxygen ions.  

Bragg (1915) explained the spinel structure (MgAl2O4), which is derived from a 

mineral [20]. 

Magnetic properties of Ferrites are technically interesting. Variety of 

electrical and magnetic properties exhibited by them is useful for a wide variety of 

technological applications. MFe2O4 is the general formula for ferrites where M is a 

divalent metal ion with an ionic radius approximately between 0.6 Å - 1 Å. Though 

iron oxide is present in majority of ferrites but some metals like Cr, Mn, and other 

elements are also ferrites based. Although Mn and Cr themselves do not represent 
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properties of ferromagnetic elements, but when they combine with other elements 

such as oxygen and different metal ions, they show magnetic ions behaviour. 

In simple ferrites M is one of the divalent ions of the transition element Co, 

Zn, Ni, Mn, Cu, Mg, Cd and Fe. A combination of these ions is also possible; which 

is called a mixed ferrite. For example, cobalt ferrite has a formula CoFe2O4 and Zinc 

ferrite has ZnFe2O4. Two divalent metals ions such as (Co, Zn) Fe2O4 may be mixed 

together to produce mixed ferrites, where the ratio of Co, Zn may be varied [21]. 

Ferrites are widely studied as they possess electrical resistivity million times 

more than in comparison to metals used in early applications. At room temperature, 

resistivity of ferrites can vary and it depends on the chemical composition between ~ 

102-101 cm [22]. Two properties make the ferrites superior to other magnetic 

materials one is the low eddy current losses and other is the high electric resistivity 

[23]. For high frequency applications, magnetic materials with low electric resistivity 

are useless such as use of inductor cores in television (TV) circuits. For example 

inductor cores used in television (TV) circuits. Induced current (eddy currents) 

flowing within the materials, which is with low electric resistivity, produces heat 

which is not only wastage of energy but also pose serious problems [24]. So, the 

materials become inefficient for high frequencies applications. Dielectric property, 

another important property of ferrite which mean that they do not readily conduct 

electricity even electromagnetic waves pass through ferrites. It gives them an added 

advantage over iron, nickel and other transition metals, because these metals conduct 

electricity through themselves. Porosity is another important factor of considerable 

importance in ferrites and is completely insignificant in metals. Electronic 

configurations and ionic magnetic moments for some 3d transition element ions are 

shown in Table 1.2 [18] 
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Table 1.2: Electronic configurations and ionic magnetic moments for some 3d 

transition element ions .  

 
 

Non-conductive ferrimagnetic ceramic compounds are usually referred as 

Ferrites. Ferrites are derived from iron oxide such as hematite (Fe2O3) or magnetite 

(Fe3O4) as well as oxides of other metals. Ferrites are both hard and brittle like 

ceramics. In terms of the magnetic properties, ferrites are classified as soft and hard 

magnets possessing low or high coercivity respectively. 

1.4.1 Soft ferrites 

Soft ferrite exhibits ferrimagnetic behaviour. Net magnetic moment in soft ferrites is 

due to spin moments in opposite directions of two sets of unpaired inner electrons that 

do not cancel each other. The compounds of Ni, Zn or Mn are some examples of 

ferrites which are used in transformer or electromagnetic cores. They are called soft 

ferrites because of low coercivity.  

At high frequencies, due to low losses they are extensively used in the cores of 

Switched-Mode Power Supply (SMPS) and RF transformers and inductors. The 

structure of a unit cell of soft ferrite is given in Figure 1.7. 



Chapter 1 

Introduction 

 

17 

 

Figure 1.7: (a) Unit cell of soft ferrite of the type MO.Fe2O3.This unit cell consists 

of eight subcells. (b) The subcell for the FeO, Fe2O3 ferrite. 

Due to applied magnetic field, the magnetic moments of the ions in the octahedral 

sites are aligned in one direction and those in the tetrahedral sites are aligned in the 

opposite direction. As a result, there is a net magnetic moment for the subcell and 

hence the material [17]. 

1.4.2 Hard ferrites 

The oxides of Fe, Ba or Sr are some examples of ferrites which possess high 

remanence after magnetization or they are hard to demagnetize. As they conduct 

magnetic flux well in a magnetically saturated state, so they have a high magnetic 

permeability. Owing to that property, ceramic magnets show stronger magnetic fields 

than iron itself. These are the most commonly used magnets in radios.  

1.4.3 Types of ferrites 

Ferrites can be classified into three different types: 

 Spinel ferrites (Cubic ferrites) 

 Hexagonal ferrites.  

 Garnets (Ortho ferrites) 
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1.4.3.1 Spinel ferrites 

The most widely used ferrites are spinel ferrites or cubic ferrites. High electric 

resistivity and low eddy current losses make them ideal candidates for microwave 

frequencies. Bragg and Nishikawa in 1915 first time determined the spinel structure 

[20, 26]. In the spinel lattice, a smallest repeating unit in the crystal network is a unit 

cell with 32 oxygen ions.Spinel ferrite may be denoted as MFe2O4. Where M is 

divalent metal ion such as Co2+, Zn2+, Fe2+, Mg2+, Ni2+, Cd2+ or a combination of 

these ions such as (Co2+
0.5Zn2+

0.5  or Co2+
0.5Ni2+

0.5) 

The trivalent Al3+ ions are usually replaced by Fe3+ or by combination of 

divalent for trivalent ion. 

The unit cell of spinel ferrites contains two types of subcells. These subcells 

alternate in a three dimensional array for making unit cell with eight subcells. The 

formula can be written as M8 Fe16 O32. The anions arrange themselves to form an FCC 

lattice. Within these crystal lattices, there are two types of interstitial positions where 

metallic cations are occupied. A unit cell contains 96 interstitial sites, 64 tetrahedral 

(A) and 32 octahedral (B) sites. 

1.4.4 Applications of Ferrites 

At high frequencies, soft ferrites have wide applications as they are insulators with 

high electrical resistivities and useful magnetic properties. Ferrites are used in 

industrial, computer, telecom, aerospace and medical fields. Ferrites possess number 

of following features; on the basis of these features they are widely used in 

technology [25]; 

 Low level signals (sensors and antennas) - increase sensitivity  

 high frequency applications, power ranges between 25000 to 100000 Hz 

 High coercivity in selective ferrites 

 Useful at microwave frequencies and radar applications 

 High range frequencies in telecommunications 

Ferrites have been extensively used in biomedical applications. Ferrite NPs 

have been studied in applications including drug delivery, biological imaging, 
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including as magnetic resonanc imaging (MRI) contrast agents, and conjugation of 

biological molecules. 

 Properties and performance of ferrites is different in comparing ferrites with 

other magnetic materials based on the fact that the ferrites are oxides rather than 

metals. Ferromagnetism is derived from the unpaired electron spins in only a few 

metal atoms, these being Fe, Co, Ni, Mn and some rare earth elements. Metals and 

alloys of these metals possess highest magnetic moments and therefore the highest 

saturation magnetizations. 

The oxides, on the other hand, suffer from a dilution effect of the large 

oxygen ions in the crystal lattice. As less efficient type of exchange mechanism is 

operative so the net moment resulting from ferromagnetic alignment of the atomic 

spins is reduced. The oxygen ions greatly increase the resistivity by insulating the 

metal ions. This property makes the ferrite especially useful at higher frequencies.  

In order to produce the desired combination of electrical and magnetic 

properties ferrites can be modified. Ferrites, therefore, have many very important 

uses. Ferrites are used to record the signals in cassette and videotapes and for such 

applications these are coated onto the plastic base. Ferrites role has also been 

recognized as a medium for transmitting microwaves. Some ferrites at very high 

frequencies, (beginning above about 500 MHz, and very strongly in the microwave 

range of 1 to 30 GHz), exhibits a nonreciprocal effect. It refers to different behaviour 

of electromagnetic waves when pass through ferrites. Due to this phenomenon one-

way transmission of lines with controlled microwaves flux is possible. There is no 

doubt about it that existence of modern telecommunications system is only possible 

due to ferrites [25]. 

Data storage devices also contain MNPs. The main focus of today's research 

is to get the devices with enhanced density. This can be achieved by using NPs with 

very small sizes. As the particle size decreases, the sample volume also decreases. 

Because of that thermal activation increases resulting random magnetization direction. 

This is problematic specifically in data storage devices at high frequencies because data 

will be lost due to vibration and heat. So particle size is crucial factor for stability of 

data stored. 
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In early computer memories data was stored in the residual magnetic fields 

of hard ferrite cores. Ferrite powders (e.g. iron (III) oxide) were also used for coating 

magnetic recording tapes. For measurements of electromagnetic compatibility, ferrite 

particles are also used as coatings in stealth aircraft and in the absorption tiles used as 

inner lining of the rooms [24]. 

Ferrites (frequencies from 10 kHz to a few hundred MHz) are used as a best 

core material in devices with low cost, high stability and lowest volume. In wide-band 

transformers, quality filter, circuit adjustable inductors, delay lines and other high-

frequency electronic devices ferrites perform much better in comparison to other 

MNPs. Rapid advances in technologies coupled with the need to reduce the size and 

cost of device is the driven factor of research in ferrites. The physical and chemical 

properties of materials can be manipulated by controlling the size of the particles. 

Ferromagnetic nano composites are gaining interest and can replace conventional 

ferrites in the near future for variety of applications. The most important use of ferrite 

NPs is ferrofluids. In ferrofluids there is colloidal dispersion of MNPs in a carrier 

liquid [27, 14]. A promising application of ferrofluids is their use in different heat-

exchange devices as liquid heat carriers. The interesting property in Ferrofluids is to 

retain the fluid even in the presence of high magnetic fields, so particles remain part 

of the carrier liquid. In ferrofluids MNPs show superparamagnetic behavior. As 

magnetic force is proportional to the magnetization of the fluid so even weak applied 

magnetic field induces strong force on ferrofluids [6, 27]. Theses fluids can be used in 

a great variety of applications such as (i) magneto-responsive colloidal extractants (ii) 

as vectors in targeted drug delivery (iii) as agent for treatment of localized cancerous 

tumors (iv) as magnetic cell sorting schemes. Additionally, ferrofluids have greater 

potential for use in the nanosensors. 

Composition and particle size play crucial role in defining the properties of 

ferrite NPs. Structural, electrical and magnetic properties can be altered if cobalt 

nanoferrites are replaced with Zn. We may get high electrical resistivity and an 

effective cost reduction for material with increase in Zn concentration. Magnetic 

properties at the same time will also be affected like decrease in curi temperature. 
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1.5 Magnetic nanoparticles 

Magnetic nanoparticles (MNPs) possess unique characteristics which are not shared 

by their counterparts. Interesting thing in case of magnetic NPs is their size which is 

comparable to the size of a magnetic domain. Due to this factor two types of magnetic 

behaviour can be observed in NPs, namely single domain ferromagnetic (FM) and 

superparamagnetic (SPM) NPs.  

The MNPs of Co3O4 are a sensitive material in gas sensor, catalyst in 

hydrocracking processes of crude fuels, pigment for ceramic and glasses [28]. The 

MNPs of Co3O4 are susceptible to oxidation and are toxic so, these particles are of 

little interest in in-vivo biomedical applications [29-30]. In the present research work, 

the MNPs of Co3O4 are expected to display better performance in in-vitro diagnostic 

applications. 

The NPs of various metal oxides including that of Fe3O4 are both chemically 

and biologically inert, resulted in coating with metal catalysts, enzymes, or antibodies, 

in order to increase their functionalities for biosensor applications. Iron has a number 

of properties that makes it particularly useful as a NP. Firstly, iron nanoparticles (INs) 

possess extreme chemical reactivity. Secondly, INs with certain core size possess 

unique superparamagnetic properties, therefore they are also called as 

superparamagnetic INs. As INs are easily oxidized they are commonly used as iron 

oxide nanoparticles (IONs). Among the known NPs, the MNPs, such as Fe3O4 MNPs, 

are of particular interest in magnetic resonance imaging drug delivery, biological 

separation and even in biological catalysis [30-31]. 

Besides MNPs, silver (Ag) as a non-magnetic NP is attractive for the 

researchers due to its good conductivity, excellent catalytic properties and enhanced 

electron transfer between active centres of enzymes and electrodes. Present research 

work also presents comparison between the MNPs of Co3O4 and Fe3O4, and the non-

magnetic NPs of Ag in the aspects of biosensing. 

The synthesis of different kinds of MNPs has received much attention in the 

recent years [7-8]. The MNPs are synthesized by different reported methods such as 

precipitation, where preparation of uniform particles is carried out through 

homogenous precipitation [32]. Coprecipitation is a method by which Fe3O4 is 
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synthesized from aqueous salt solutions. Recently, co-precipitation method is widely 

used to produce ferrite NPs of controlled sizes and magnetic properties [33-37], 

thermal decomposition is a method to synthesize magnetic nanocrystals with smaller 

size [38], microemulsion technique to synthesize metallic cobalt/ platinum NPs in 

presence of cosurfactant and oil phase and flame spray method to synthesize oxides, 

metal or carbon coated NPs are at a rate of >30g/h [37-40].  

Shape, size, surface chemistry and magnetic behaviour of NPs is largely 

dependent on the type of synthesis methods [41-43]. For example, by grinding ferri- 

and ferro-magnetic materials like Fe3O4 and some particles of alloys with irregular 

shape are obtained. On the other hand when the said material is synthesized by plasma 

atomization, aerosol method and wet chemistry spherical shape of the particles are 

obtained. Furthermore, structural defects or impurities as well as magnetic behaviour 

of NPs is also largely dependent on synthesis methods. In the present research work 

the MNPs of Co3O4 and Fe3O4 have been synthesized by co-precipitation method. 

1.5.1 Applications of magnetic nanoparticles 

Kawon et al. (1995) and Davaran et al. (1996) found that the MNPs have widespread 

applications in the fields of biotechnology, biomedical, materials science, engineering 

and environment [7, 8]. 

The research based on MNPs is playing a tremendous role in the diagnostic, 

therapeutic as well as for the clinical applications. Moreover, the MNPs are also used 

for microbial, non-microbial treatments due to their high quantum yield. In particular, 

MNPs are of interest not only for their peculiar characteristics but also for their 

possible applications in various fields and the most important is biomedical research. 

The preferred advantage of using the NPs in biomedical applications is their smaller 

size less than 100 nm, larger effective surface area, lower sedimentation and 

appropriate diffusion in body tissues. Toxicity and biocompatibility of the NPs such 

as Fe, Ni and Co is determined by their magnetic response, size, core and coatings. 

The MNPs on the basis of their specific properties are confined to specific 

potential applications. The MNPs with superparamagnetic behaviour at room 

temperature are preferably utilized in biomedical applications [44-46]. The MNPs to 
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be utilized in therapeutic, biological and medical diagnosis require offering stability at 

pH 7 at room temperature. For biomedical applications the most commonly used NPs 

are iron oxide such as magnetite (Fe3O4) or its oxidized form called maghemite (-

Fe2O3). Currently, the most important application is their use as miniaturization of 

devices. 

1.6 Introduction to biosensor 

A biosensor is a device that measures physical quantity and converts it into electrical 

signals which can be read by an instrument. A typical sensor is shown in Figure 1.8. 

Sensors are used in daily life objects such as elevator and lamps buttons. Sensors 

sensitivity indicates its response towards small changes in measured quantity i.e. 

analyte. For example mercury in a thermometer is sensitive to temperature. Mercury 

level moves 1 cm with change in temperature by 1oC.  

 

Figure 1.8: Sensor diagram [47] 

A biosensor is a device in which electrochemical signals is produced from 

the interaction of analyte with biomolecule that are transformed into another signal by 

the electrode, which can be further measured and quantified.  

Research in relation to biosensor design is based on signal transduction 

mechanisms in the form of biological lock and key interactions. In biology, enzyme- 

substrate, receptor-ligand and antibody-antigen interactions are some examples of the 

molecular recognition. Cleverly all these motifs can be incorporated for the 
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construction of biosensors. By variety of methods, electrode surface is coated or 

integrated with these captured molecules. This is referred as surface modification of 

electrode. Stability, response time, regenerability and selectivity are different 

operating parameters of the biosensor. Performance of a biosensor could be increased 

by better understanding of the mode of operation of these parameters. Modern trends 

in research tend to exploit the inherent properties of nanomaterials for the fabrication 

of biosensor. They not only increase surface area but also facilitate in the transfer of 

electron between electrode and biomolecule. Furthermore, nanomaterials increase the 

bioactive sites of biomolecules by retaining their bioactivity.  

A biosensor is different from a sensor due to the biological element and a 

biosensor is much more sensitive than a sensor. For example some bacteria in gas 

sensors can detect the gas in parts per million and is beneficial for the mine workers if 

there is danger of explosion and they could be warned. 

1.6.1 Components of biosensor 

A biosensor is the conjugation of biological and detector components which is used 

for the measurement of an analyte. A biosensor consists of the following parts which 

are shown in Figure 1.9: 

 Biomolecules  

 Electrodes.  

 Nanoparticles/Nanocomposites 

1.6.1.1 Biomolecules 

It is commonly called biological component of a biosensor and it performs the 

following two key functions. Firstly, it interacts with the substance whose 

concentration is to be determined. Secondly, upon interaction it produces some 

physical changes which are detectable by the transducer. 

1.6.1.2 Electrodes 

In a biosensor variety of electrodes, such as glassy carbon, pyrolytic carbon, gold, 

silver, platinum or mercury electrodes can be used. In the present work, the surface of 
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the electrode is modified with nanoparticles-chitosan (CH) based hybrid composites. 

The biomolecule urease interacts with the urea and produces physical change near the 

surface of an electrode. The electrode detects and measures this physical change and 

converts it into an electrical signal. Generally, the electrode functions in a multiple 

ways like the physicochemical, optical, piezoelectric and electrochemical methods, 

etc. 

 

Figure 1.9: Schematic diagram of biosensor [47]. 

1.6.1.3 Nanoparticles/ Nanocomposites 

The MNPs include the core shell ferromagnetic metals or compounds. The 

dimensions and shapes of the MNPs may vary the size lies in the range 1-100 nm. 

Nanocomposites may include NPs with different compositions, dimensions and 

shapes within the nanocomposite. Here nanoparticles-chitosan (CH) based hybrid 

composite is introduced. 
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1.6.2 Working principle of biosensor 

The principle of the biosensor is based on the conversion of chemical change into 

electrical information. The detail of its working process is given below: 

The analyte, a molecule whose concentration is to be determined, diffuses 

from the solution near the surface of an electrode; 

 The analyte reacts efficiently with the specific biomolecule.  

 As a result physicochemical properties of the electrode are changed.  

 This also leads to alter the optical/electronic properties of the electrode.  

 This chemical change is converted into electrical signal, which is further 

amplified and processed. 

1.6.3 Characteristics of biosensor 

A successful biosensor is the key goal of the modern science and technology and must 

have some of the following characteristics: excellent specificity, bio-safety, reliability 

and fast output response which provides detection of any target molecule with 

quantitative accuracy. It must be independent of factors like stirring, pH, temperature, 

etc. It must be inexpensive, easy to use, durable and repeatable.  

1.6.4 Electrochemical biosensing aspects 

The electrochemical biosensors are emerging as a powerful tool with the key goal to 

monitor the increasing or decreasing levels of several biomolecules and for the insight 

of their real time interactions in the blood system. The MNPs have exceptional 

advantage characteristics such as good conductivity, large surface to volume ratio, 

biocompatibility, bio safety and cost efficient material etc. 

It can be inferred that the MNPs are highly suitable to work as a signal 

transducer, for the adsorption of the higher amount of biomolecules compared to the 

thin films and bulk materials. Moreover, MNPs create highly suitable environment for 

the rapid communications and provide an easily accessible surface for the 

biomolecules.  
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1.6.5 Theory on biosensor 

Theory on biosensor refers binding kinetics of antigen (in a solution) to antibody 

(immobilized). To determine binding kinetics of antibody-antigen binding, a 

mechanism is devised below for estimating actual fractal dimension values to be 

utilized in fibre optic biosensors. 

1.6.5.1 Single fractal analysis 

Havlin (1989) indicated that the diffusion of an antibody (Ab) from a homogenous 

solution to a solid surface coated with antigen (Ag) [47]. After their reaction a product 

antibody-antigen complex (Ab.Ag) is produced given below: 

(𝐴𝑏. 𝐴𝑔)~ {𝑡
3−𝑑𝑓

2

𝑡
1

2

𝑡 <𝑡𝑐
𝑡 >𝑡𝑐

 (1.10) 

Here df is the fractal dimension of the surface. Equation (1.8) indicates that 

the concentration of the product Ab.Ag (t) in the reaction Ab + Ag → Ab.Ag ~ t, with 

the coefficient p = (3-df)/2 at short time scales, and p = 1/2 at intermediate time scales. 

1.6.5.2 Dual fractal analysis 

In fact, two fractal dimensions is the extension of the single fractal analysis presented 

above. In present case, antibody-antigen complex (Ab.Ag) concentration, as a 

product, on the surface of biosensor is provided below. 

(𝐴𝑏. 𝐴𝑔) = {

𝑡
3−𝑑𝑓1 

2
                                         𝑡 <𝑡1

𝑡
3−𝑑𝑓2

2
𝑡1<  𝑡  <𝑡2

𝑡
1

2                             𝑡 > 𝑡𝑐

 (1.11) 

1.6.6 Urea biosensor 

There is worldwide requirement for the detection and diagnosis of biomolecules 

which provides strong motivation for the miniaturization of the urea biosensor. For 

the development of a desired biosensor, metal oxide nanoparticles-chitosan (CH) 

based hybrid composites have received much attention [48-50]. For the fabrication of 

a biosensor, the promising matrices are metal oxide NPs such as magnatite (Fe3O4) 
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[51-53], and zinc oxide (ZnO) [54-55], and cerium oxide (CeO2) [56-57]. For 

immobilization of the desired biomolecules these known matrices are commonly 

used. The metal oxide matrix possesses unique and attractive properties like large 

surface area, uniformity in an open pore structure and the most important thermal and 

chemical stability. The presence of small pores in metal oxide NPs gives them an 

added advantage for the substrate transportation so that mass transfer resistance for 

biocatalytic processes could be reduced. 

In the present work, the MNPs Co3O4 and Fe3O4 have been used to modify 

the biosensor electrode. The MNPs increase electrode surface area, bioactivity of the 

biological element and also facilitate the process of transfer of electron between the 

electrode and biological element. Urea biosensor consists of an electrode; MNPs 

chitosan (CH) based hybrid composites over the surface of the electrode; urease as 

biomolecule over the surface of electrode, where the biomolecules are capable of 

undergoing a redox reaction with a target molecule, and detecting a signal from the 

biosensor, where the signal is correlated with the concentration of the target molecule 

in the sample. 

1.6.7 Applications of biosensor 

Potential applications of the biosensors are given below: 

 Biomedicine, diagnostic applications 

 Farm, garden and pesticide analysis  

 Veterinary analysis  

 Fermentation analysis in food and drink industry 

 Quality and yield analysis 

 Microbiological analysis including bacterial and viral analysis  

 Pharmaceutics and drug analysis  

 Industrial waste matter control  

 Pollution control including monitoring of mining, industrial and toxic 

gases  
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 Military applications (dipstick tests based on monoclonal antibodies for 

analysis of Q-fever, nerve agents, yellow rain fungus in battle field). 

1.7 Aim and motivation 

Urea is an important parameter in dairy (milk) and clinical analysis (normal level 15 - 

40 mg/dL). Higher levels of blood urea and urine can cause kidney failure and urinary 

tract obstruction whereas; lower levels are responsible for hepatic failure and 

nephritic syndrome. 

The MNPs characteristics such as good conductivity, large surface to volume 

ratio, biocompatibility, biosafety, cost efficient material, etc. 

So, it is highly desired to introduce urea biosensor based on the MNPs of  

Fe3O4 and Co3O4. Further, useful and simple fabrication method for the preparation of 

biosensor needs to be carried out wh ic h co u ld  be  used  for real sample analysis.  

 Present research work represents that choice of Co3O4-CH as 

nanobiocomposite could be novel for in-vitro biomedical applications i.e. diagnostic 

applications in the form of urea biosensor. 

The layout of present research work incliude the followings: 

 Fabrication of the urea biosensor based on the MNPs; 

 Synthesis and characterization of the MNPs of Fe3O4 and Co3O4.  

 Comparison between the MNPs of Fe3O4 and Co3O4 and metal NP of Ag 

in the aspects of biosensing; 

 Use of Co3O4 in in-vitro diagnostic applications. 

 Urea leavel is to be estimated in urine and blood samples of healthy and 

sick people. 
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Chapter 2 

Review of Literature 

This chapter is divided into two sections. First section of the chapter describes 

properties of nanoparticles and their comparison in biosensing aspects. Magnetic 

nanoparticles i.e. iron oxide, cobalt oxide and their physical and magnetic properties 

are reviewed. Applications of magnetic nanoparticles in diagnostic specifically 

nanobiosensing field have also been reviewed.Second section of the chapter deals 

with history of biosensor, urea biosensor, urease as biomolecule, hybrid 

nanobiocomposite and urea as analyte. 

2.1 Properties of nanoparticles  

Nanotechnology is playing tremendous role in the development of various sensors. 

Biosensors represent thrilling opportunity for applications benefiting from “nano” 

particles.  Nanomaterials can serve either as bio-recognition element or the 

transducer, or both, of a biosensor. Effective bio-recognition area is one of the 

important parameters to determine the sensitivity of a desired biosensor. Effective 

bio-recognition area means the area actually interacting with an analyte.  

Kim et al. 2004 reported that high surface to volume ratio of nanoparticles 

offer multiple sites for molecular interactions [1]. Chen, 2004 explained that on the 

basis of novel properties of nanoparticles, improved biosensors could be designed [2]. 

Biosensors have been developed by utilizing effective binding properties of 

nanoparticles to biomolecules e.g. peptides, proteins, nucleic acids. Binding property 

of nanoparticles to biomolecules not only detects but also boosts various electronic, 

optical, and magnetic signals in biosensors. Luo et al. 2006 expounded that different 

types of nanoparticles with different properties have number of applications in 

biosensors [3]. Chemical, physical, and electronic properties of nanoparticles are 

entirely different from their counterparts due to their small size. Khanna, 2008 

reported that bio-recognition area of the nanoparticles increased due to high surface to 

volume ratio of nanoparticles [4]. 
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2.1.1 Biosensor enhancement by nanoparticles 

Literature has been reviewed to compare different types of nanoparticles by using 

search terms “nanoparticles” and “biosensors” utilized in biosensors. It is found that 

different types of nanoparticles are used in biosensors. Generally, nanoparticles are 

grouped into four families i.e. metal nanoparticles, semiconductor nanoparticles, 

magnetic nanoparticles, and all other types of nanoparticles (including polymer 

nanoparticles, silica nanoparticles and so on).  

Wu et al. and Pankhurst et al. reported respectively, that silver-polystyrene 

particles and magnetite-dextran particles were the most researched ones composite 

nanoparticles up till 2003 [5, 6]. 

To be utilized in biosensor all these nanoparticles are modified with specific 

functional groups. The most representative and unique properties of different 

nanoparticles that play role in possible enhancement of biosensing have been 

summarized in Table 2.1. 

The present study is based on the composite nanoparticles. The composite 

nanoparticle is an aggregation of polymer, semiconductor, and metal nanoparticles 

properties for variety of applications. The most commonly used composite 

nanoparticles are in the form of core-shell structure. 

2.2 Magnetic nanoparticles 

Small particle research has become popular in various fields of Physics and Chemistry 

during the last decades. Hengelein, 1989 reported that nanomaterials have their 

dimensions from a few nm to 100 nm [7]. Magnetic nanoparticles consist of Fe, Ni 

and Co and their chemical compounds can be manipulated using magnetic field.  
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Table 2.1: Properties of Nanoparticles (NPS) and biosensing aspects 

S.N. Types of NPS Examples Properties of NPs Biosensing aspects Reference 

1 Metal Pt, Pd, Ag Catalytic effect, plasma-optical 

Effect 

Enhanced detection ( i.e. even single 

molecular detection),  selectivity, fast 
response, 

[8-10] 

  Au 

 

 

Catalytic effect, plasma-optical  

effect,   easy biomolecular  

conjugation 

Enhanced detection ( i.e. even single 

molecular detection),, High 

selectivity, High sensitivity 

 

2 Semiconductor  CdS, ZnS High fluorescence, quantum 

yield, Electro/chemiluminesent  
effect 

Improved detection (single molecular 

detection), High selectivity, High 
sensitivity 

[11] 

  ZnO High fluorescence, quantum 

 yield, Electro/chemiluminesent 
 effect 

Improved detection, High sensitivity, 

Fast response 

 

3 Magnetic  Fe2O3, Fe3O4,  Suerparamagnetic properties,  

Catalytic effect,  
Suerparamagnetic properties 

High selectivity, High stability, Fast 

response 

[12-16] 

  Co3O4, CoPt Eeasy biomolecular Conjugation High selectivity, High Stablity  

4 Other  Polystyrene,  

Silica 

Eeasy biomolecular Conjugation High selectivity, High Stablity [17] 
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2.2.1 Physical properties of magnetic nanoparticles 

The magnetic behavior and size of ferromagnetic material is determined on the basis 

of magnetic domain structure. Initially, Frenkel and Dorfman predicted that a particle 

of ferromagnetic material measuring size less than 15 nm, which is below a critical 

particle size of the common materials, would consist of a single magnetic domain 

[18]. If there is single domain it means ferromagnetic particle is in a state of uniform 

magnetization at any field.  Qu et al. 2001 and Hines et al. 1996 reported that larger 

particles than a critical value refers non uniform magnetization and are called multi 

domain particles [19- 20].  

Furthermore, magnetic domain theory states that size dependence of single 

magnetic domain structure is also affected by multiple factors like magnetic 

saturation, crystal anisotropy, domain wall energy and particles shape. In an applied 

magnetic field, the reaction of ferromagnetic material is well demonstrated by 

hysteresis loop. Remanance and coercivity are two main parameters of the hysteresis 

loop.  

As the particle size is further reduced, coercivity becomes zero and particles 

show superparamagnetic behavior. Thermal effects give rise to superparamagnetism. 

In superparamagnetic particles, previously saturated assembly is spontaneously 

demagnetized due to strong thermal fluctuations resulting, zero coercivity and no 

hysteresis of particles. In the presence of an external magnetic field, nanoparticles 

become magnetic and when external field is removed they become non-magnetic. It 

means that particles become non active when there is no external magnetic field. 

Nanoparticles become magnetic only when there is external magnetic field, 

this unique behavior of nanoparticles give them added advantage for working in living 

system. Number of crystalline materials including Fe, Co and Ni are the examples of 

ferromagnetism. Peng et al. 1997, Dabbousi et al. 1997 and Rocken et al. 1999 

reported that ferrite (Fe3O4) is widely used in all types of biological applications due 

its super paramagnetic behavior [21 - 23]. 
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2.2.2 Magneticproperties of magntic nanoparticles 

In ferrites, the interstices of close packed oxygen lattice contain magnetic ions. Due to 

larger distances between metal ions, direct exchange between them is very week. 

Magnetic peoperties of ferrites were well explained by Kramers 1934, who proposed 

an exchange mechanism between metal ions through the intermediary oxygen ions 

[24]. Neel 1934 combined his theory with Kramers 1934 and proposed a mechanism 

of indirect exchange between metal ions through the mediator oxygen ions [25, 24]. A 

new theory was formulated for antiferromagnetic oxides and also for ferrites. 

The magnetic properties of ferrites were explained by Neel 1948, who 

expounded that magnetic moment in ferrites is due to the superposition of the 

magnetic moment of the individual sub lattices [26]. Anderson 1950 explained super 

exchange theory (indirect exchange) on mathematical basis [27]. 

Ferromagnetism possesses magnetic moments which are coupled and 

aligned. The aligned magnetic moments of equal magnitude in ferromagnetism create 

spontaneous magnetization in the absence of external field. Such materials are also 

known as hard magnets, because they retain magnetization in the absence of external 

applied magnetic field. 

Another type of materials which has magnetic moments of equal magnitude, 

but these moments are in anti parallel direction, as indicated by its name called 

antiferromagnetism. Rudin et al. 2003 and Gu et al. 2004 explained that 

paramagnetism is exhibited by the materials above the Neel temperature, where 

aligned magnetic moments randomly fluctuate [28-29]. Ferrimagnetism is another 

characteristic of materials, below Neel temperature, having magnetic moments which 

are ordered but are arranged in non parallel manner in a zero external magnetic field. 

Goldman (2006) verified work of Anderson 1950 and explained super exchange 

theory on mathematical basis [30]. 

Ferrite magnetic nanoparticles are the most explored ones. The history of 

ferrites began with the discovery of stones centuries before Christ’s birth. The 

explored mineral was named magnetite (Fe3O4) after the name of Magnesia in Asia 

and Minor as vast deposits of the material were first found there. An-Hui et al. 2007 

elaborated that the ferrite nanoparticles less than 128 nm becomes superparamagnetic, 
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because their magnetic behavior is only exhibited in the presence of applied magnetic 

field [31].  

As external field vanishes magnetisms becomes zero. The most common 

examples of Ferrite are iron oxide (Fe3O4) and cobalt oxide (Co3O4) which is the area 

of interest in present research work. 

2.3 Cobalt Oxide (Co3O4) magnetic nanoparticles 

Chu et al. 1976 reported that Co3O4 magnetic nanoparticles can be employed as 

adsorbent [32]. Hirs et al. 1983 and Hadjiev et al. 1988 reported the use of particles in 

rechargeable lithium ion batteries [33-34]. Konishi et al. 1994  and Lakshmi et al. 

1997 pointed out that magnetic nanoparticles Co3O4 are used as electrocatalyst for 

oxidation of H2O2 and As (111) [35- 36]. 

Liu et al. 1997, 1998 mentioned that these particles also provide support for 

haemoglobin immobilization and full acceptance detector (FAD) [37- 38]. Chen et al. 

1998 reported that the Co3O4 magnetic particles have direct band gap of 2 eV and 

exhibit the p-type semiconductor characteristics because of this property these 

particles have been used for the gas sensing [39]. In addition to the gas sensing, 

Gambhir et al. 2002  and Gudiksen et al. 2002  reported their use as ceramics [40- 41]. 

Cox et al. 2003 reported that Co3O4 can be used as adsorbent [42]. Further these 

particles can be used as composite in ionic exchange and ceramics materials [43-45]. 

2.4 Iron Oxide (Fe3O4) magnetic nanoparticles 

Magnetic nanoparticles such as Fe3O4 nanoparticles have gained interest in 

biotechnology and biomedical applications during the last two decades [46]. Singhal 

et al. 2002, Rajesh et al. 2005, Zhao et al. 2006 and Mareef et al. 2007 reported that 

these nanoparticles have applications in targeted drug delivery, magnetic resonance 

imaging, separation of bioactive molecules and biological catalysis [47-50].  

As magnetic nanoparticles are found chemically and biologically inert, they 

are loaded with bioactive molecules which lead towards the production of 

bioconjugates having magnetic properties. These bioconjugates are useful in 

biomedical applications for both delivery and recovery of biomolecules.  
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Special physical and chemical properties of Fe3O4 nanoparticles have been 

exploited to construct a biosensor which is commonly based on DNA, proteins and 

enzymes. Stability and sensitivity are two main important characteristics of the 

biosensor which are based on nanoparticles with large surface area, high reaction 

activity, high catalysis and adsorption ability. Moreover, in biosensing aspect the 

main property of these nanoparticles is the conductivity which promotes electron 

transfer between electrode and the active centres of enzymes. 

Metal oxide nanoparticles including Fe3O4 nanoparticles are commonly used 

for immobilization of biomolecules, which is the crucial factor in construction of the 

biosensor. Kouassi et al. 2005, Cao et al. 2006 and Kaushik et al. 2008 reported that 

to immobilize biomolecules, Fe3O4 nanoparticles characteristics like biocompatibility, 

bioactivity and low toxicity have been utilized [51-53]. 

2.5 Silver nanoparticles (Ag NPs) 

Ag nanoparticle is another useful nanoparticle due to excellent mechanical stability 

and larger surface to volume ratio. These properties of nanoparticles can be utilized as 

transducer for the detection of biomolecules. 

Ag nanoparticles have high catalytic activity for hydrogen peroxide reduction 

[54-55]. It is known as antibacterial agent and its ability to increase surface enhanced 

optical phenomena [56-57]. 

Undoubtedly, Ag opens up new horizons for scientists and researchers in the 

different research areas. Gold (Au) nanoparticles are frequently used so far, among 

the metal nanoparticles utilized for the immobilization of biomolecules. However, Ag 

NPs are attractive for the researchers due to their catalytic properties. Ag 

nanoparticles have gained much interest in biosensing field due to their highest 

electrical and thermal conductivity as compared to different metals [58]. Chen et al. 

2000, Ren et al. 2005 and Chen et al. 2007 stated that these properties have motivated 

to the construction of electrochemical biosensors based on Ag nanoparticles with 

enhanced analytical performance [58- 60]. 

The research by Chin 2009, Kaushik et al 2009, and Shi and Ma 2010 

showed that the nanomaterials based on gold nanoparticles, silver nanoparticles and 

carbon nanotubes and magnetic nanoparticles are promising for the immobilization of 
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biomolecules as evident from their research [61-63]. According to Kan et al. 2011, 

these particles provide suitable micro environment for biomolecule immobilization by 

retaining biological activity [64]. Silver nanoparticles possess thermal conductivity 

which facilitates efficient electron transfer between the electrode substrates and 

immobilized biomolecule.  

For electrochemical analysis, use of Ag nanoparticles provides advantages 

like low cost, high sensitivity and selectivity, fast detection and low detection limits. 

2.6 Applications of magnetic nanoparticles 

Magnetic particles have industrial, environmental, biomedical etc. applications; the 

most important is analytical and diagnostic applications.  The present research work is 

concerned with diagnostic applications in the field of biomedical. 

2.6.1 Biomedical applications 

Biomedical applications of magnetic nanoparticles can be classified as invivo or 

invitro. Park et al. 2001 and Liu et al. 2005 explained the use of magnetic 

nanoparticles for invitro applications, mainly in diagnostic separation, selection, 

magnetorelaxometry and nanobiosensors [65-66]. Piao et al 2008 investigated that 

magnetic nanoparticles could be further used as in vivo applications like therapeutic 

(hyperthermia and drug-targeting) and diagnostic applications (nuclear magnetic 

resonance [NMR] imaging) [67]. 

2.6.2 Diagnostic applications 

For medical diagnostics and therapeutics, properties of superparamagnetic 

nanoparticles (NPs) like unique magnetic properties and their ability to interact with 

various targeted biomolecules have been attractive area. Following are exciting 

application potential of these nanoparticles.  

2.6.2.1 Separation and selection  

Presently, solid-phase extraction (SPE) has attained much attention to isolate desired 

components from a sample. The SPE is an extraction method which is routinely used 

for determining contaminants at trace levels from the environmental samples. 

Recently, nanoparticles are significantly used for sample extraction.  
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The added advantage of using magnetic nanoparticles in separation and 

selection technique is that suspension can be prepared which show stability against 

sedimentation even when there is no external magnetic field. Moreover, iron oxide 

magnetic nanoparticles are commonly applicable in MSPE. 

In separation technique, surface of the magnetic nanoparticles is chemically 

modified for tagging, usually by coating with biocompatible molecules such as 

dextran, polyvinyl alcohol (PVA) and phospholipids. All of these biocompatible 

molecules are commonly used on iron oxide nanoparticles [68-70]. 

2.6.2.2 Magnetorelaxometry 

Murthy et al. 1999 described that this method is used as analytical tool for 

immunoassays evaluation [71]. Yi et al. 2005 expounded that this technique is largely 

dependent on the core size of magnetic nanoparticles [72]. The anisotropy property 

helps to distinguish free and bound conjugates on the basis of their magnetic 

behaviour, which is the base of evaluation of immunoassays.  

Sun et al. 2006 explained that magnetorelaxometry is the measurement of 

relaxation of atomic magnetic moments of a system consists of magnetic 

nanoparticles, after removal of external applied field [73].  

Benefit of using nanoparticles while reducing them to nanometer size is the 

same as we observe in separation and selection techniques. 

2.6.2.3 Magnetic resonance imaging 

Superparamagnetic NPs mainly iron oxide are used as probes for cellular and 

molecular imaging both in vitro and in vivo applications. Superparamagnetic particles 

are advantageous in producing proton relaxation in improved manner as compare to 

paramagnetic particles. So, less amount of particles are required to perform the MRI 

in human body in comparison to paramagnetic ones.  

NPs are used as novel probes and they have added advantage over 

conventional fluorescence probes. Due to their nanosize they show improved 

photostability and fluorescence when used in situ monitoring inside the human body. 
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2.6.2.4 Bioseparation 

This method is commonly used in biomedical study. For analysis certain biological 

entities like DNAs, proteins and specific cells are separated from human body. In 

bioseparation, superparamagnetic colloids are ideally used due to their magnetization 

behavior in the presence of external applied field. Practically, biological elements 

which need to be separated from human body are labelled with superparamagnetic 

colloids and then separated by applying external magnetic field. 

Lee et al. and Yi et al. 2006 described that superparamagnetic nanoparticles 

including iron oxide particles are widely used for both separation and purification of 

biomolecules [74- 75]. For bioseparation, MNPs special characteristics like their 

small size, high surface to volume ratio, good dispersibility, binding with 

biomolecules and controllable flocculation provide the added advantage over 

micrometer sized resins or beads which are conventionally used. 

2.6.3 Nanobiosensing 

Nanobiosensors have been developed for biological and medical applications with 

significant technological advances over the last several years. Following are the 

different biosensors with electrode modified with magnetic nanoparticles.  

2.6.3.1 Glucose biosensor 

Glucose biosensor as its name indicated is used for detection of glucose levels in 

diabetic patients.  Mascini et al. 1985 and Shichiri et al. 1986 are the pioneers in 

developing “artificia pancreas” for measurement of glucose [76- 77].  

Yang et al. and Lu et al. 2009 reported that glucose biosensor was developed 

by combining the properties of Fe3O4 NPs and the nafion film as the fabrication of a 

disposable glucose biosensor. First of all Fe3O4 magnetic nanoparticles were prepared 

by co-precipitation method and then mixture consisted of ferricyanide was coated on 

to the surface of screen printed carbon electrodes by drop wise dispersion method. 

The biomolecule for this biosensor is Glucose oxidase which was immobilized on to 

the surface of electrode [78].  

Rossi et al. 2004 represented that glucose biosensor based on bioconjugate 

which is the combination of Glucose oxidase magnetite nanoparticles [79]. 
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2.6.3.2 Cholesterol biosensor 

Cholesterol biosensor is widely used to determine abnormal concentration of 

cholesterol in blood. Cholestrol high level can cause hypertension, hyperthyroidism, 

anemia and coronary artery diseases. Kausshik et al. 2010 reported the fabrication of 

cholesterol biosensor. Uniform film of magnetic nanoparticles iron oxide was 

deposited on indium-tin-oxide (ITO) coated glass plate.  Cholesterol oxidase (ChOx) 

was immobilized for determination of cholesterol [80].  

Salimi et al. 2009 also reported sensitive cholesterol fabrication. Cobalt 

oxide nanoparticles were deposited electrically on glassy carbon electrodes to 

fabricate the cholesterol biosensor [81]. 

2.6.3.3 Choline biosensor 

Choline deficiency can cause cancer and liver dysfunction. Abnormal metabolism of 

choline leads to neurodegenerative disorders like Alzheimer and Parkinsons’s 

diseases. Choline biosensor is of great importance in order to determine choline level 

in blood. 

Zhanget al. 2011 reported a sensitive choline biosensor using Fe3O4 in which 

gold electrode was modified with Fe3O4 magnetic nanoparticles and choline oxidase. 

Fe3O4 magnetic nanoparticles improve the sensitivity of response signal. They also 

provide stability, magnetic separation and easy preparation method to proposed 

biosensor [82].  

2.7 History of biosensor 

The fabrication history of biosensors starts with the first report of Clark and 

Lynos 1962 and then further developed with the inventions of powerful 

manufacturing and characterization tools [83]. Guilbaut and Montalvo, 1969 

developed a world first potentiometric electrode [84]. In 1975, biosensor became a 

commercial reality. 

Several books and research reports provides the definition of electrochemical 

biosensors [85-88], but precise definition is that a biosensor is a device comprising of 

a specific biological element and transducer i.e. an electrode, electrochemical signals 
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resulting from the interaction of analyte with biomolecule are transformed into 

another signal by the electrode, that can be further measured and quantified.  

Nanomaterials play an important role in the fabrication of biosensor. 

Biosensor electrode may be modified with nanomaterials. They not only increase 

surface area but also facilitate in the transfer of electron between electrode and 

biomolecule. Furthermore, nanomaterials increase the bioactive sites of biomolecules 

by retaining their bioactivity.  

2.8 Hybrid Nanobiocomposite 

Solanki et al. 2008 and Khan et al. 2008 demonstrated that hybrid composites or 

bioconjugates are attractive now days in the development of a biosensor [89-90]. In 

the present research work metal oxide nanoparticles-CH hybrid composites have been 

exploited. Fe3O4 nanoparticles show aggregation and rapid biodegradation on the 

surface of electrode containing biomolecule. Hybrid nanobiocomposite might be 

seeming solution to this problem. 

Chitosan (CH) is N-deacetylated derivative of Chitin, which is a linear 

copolymer of glucosamine and N-acetylglucosamine. Chitosan naturally exists in the 

exoskeleton of crustaceans, fungal cell walls and in other biological materials. CH has 

also received attention for enzyme immobilization including other reported properties. 

Kaushiket al. 2008 explained uniform dispersion of superparamagnetic Fe3O4 

nanoparticles which improves optical and electrical properties of CH [91]. Kaushik et 

al. 2009 have fabricated Fe3O4-CH hybrid nanobiocomposite for urea sensor [92]. 

Wang et al. 2007, 2008 described that the nanobiocomposite based on Fe3O4 

nanoparticles and chitosan be used for the detection of molecules like glucose, urea, 

mycotoxin, ferritin and phenolic compounds [93-94]. 

In the present study, hybrid nanobiocomposite was prepared by modifying 

the surface of electrode with chitosan containing Fe3O4 nanoparticles and 

biomolecule. 

2.9 Urease as biomolecule 

In 1926, James B. Sumner crystallized urease from jackbean (Canavalia 

ensiformis), the first protein crystal ever obtained, and his work was fundamental to 
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prove that enzymes are indeed proteins [95]. The importance of Sumner's pioneer 

work was recognized two decades later and he was awarded the 1946 Nobel Prize in 

Chemistry for his discovery that "proteins can be crystallized." In proposed urea 

biosensor urease is used as biomolecule. 

2.10 Urea as an analyte 

Wohler in 1828 synthesized first organic molecule urea in laboratory from 

inorganic compounds [96]. Urea is one of the final products of protein metabolism. 

Urea is an important parameter in clinical analysis as excess amount in blood serum 

causes various dysfunctions in the body. Rick, 1990 [97] reported normal 

physiological level of blood serum urea is from 15 to 40 mg/dl in human body. The 

higher levels of blood urea and urine can increase the risk of kidney failure, urinary 

tract obstruction and loss of water, shocks, burns and gastrointestinal bleeding. Beside 

higher levels of blood urea and urine, the lower levels are also responsible for hepatic 

failure, cachexia and nephritic syndrome.  

Naturally urea is present in blood and different organic fluids. Hof et al, 1997 

observed that milk is another significant biological sample for determining urea 

concentration in body, as urea easily diffuses from blood into milk [98]. 

Urea is significant substance for laboratory analysis (Eggenstein et al 1999 

and Karakus et al, 2005 [99- 100]. Concentration of urea in milk requires to be 

monitored on regular basis in order to determine the protein requirements of animals 

(Leema et al, 2004) [101]. Another widely known source of urea is agricultural land 

as excessive use of chemical fertilizers pollutes the land. In the present research work 

urea is an analyte whose concentration is to be determined by proposed urea 

biosensor. 

2.11 Urea Biosensor 

Clinical diagnosis of kidney and liver diseases emphasize the need to develop 

new diagnostic techniques for the estimation of urea in a fast and accurate manner 

both in blood and urine samples. Normal concentration of urea in blood is estimated 

8-20mg/dL. High level of urea can cause renal failure, urinary track obstruction and 

dehydration etc. Lower levels are responsible for hepatic failure. Urea biosensors 
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have been developed keeping in view the importance of diagnosis critical amount of 

urea in blood and serum [102].  

Guilbaultet al. 1969 is a pioneer in reporting urea biosensor. Urea biosensor 

is fabricated by immobilization of urease over a substrate [84]. After that enzyme 

substrate, reaction occurs which results in urea conversion into ammonium and 

bicarbonate ions. For the determination of urea in the biological samples biosensors 

have been developed based on conductometry [103-105], spectrometry  [106-108], 

potentiometry [109-111], coulometry [110-112] , inductometry (Chen et al, 1994) 

[113] and amperometry  [114]. 

For the determination of urea, various analytical methods like gas 

chromatography, calorimetry and flourimetry have been reported by Rebriiev et al 

[115]. There is no use of biocatalyst in the above stated analytical method. However, 

major drawback of these techniques is the sample treatment, which hinders their wide 

spread applications. Moreover, the use of these methods was not possible for field 

monitoring. Therefore, devices such as urea biosensor have been developed with 

biocatalyst “urease” as important component in their fabrication.  

Zhang et al. 2004, developed enzymatic biosensor by using ZnO nanorods 

with uricase dispersed into nafion and provided glassy carbon electrodes as a new 

platform. It was found that ZnO nanorods based electrode retained enzymatic 

bioactivity and enhance the electron transfer between the enzyme and the electrode. 

Electrodes showed high affinity value (Km = 0.238 mM) and excellent 

electrocatalytic response [116]. 

Zhang et al. 2005, fabricated reagentless amperometric uric acid biosensor. 

Multiwalled carbon nanotubes were mixed with tin oxide where nanotubes used as 

electron promotor. It was found that electron transfer rate between enzyme and 

electrode surface increased efficiently. This biosensor showed linear dependence on 

the uric acid concentration ranging from 1.0 × 10-7 to 5.0 × 10-4 mol L-1 with little 

ascorbic acid interference [117]. 

Liu et al. 2006, used novel technique for measuring the biosensing properties 

amperomatrically using titanate nanotubes [118]. Hubalek et al. 2007 developed 

nickel based nanoelectrode by electrochemical and votammetry methods for 

determination of urea [119].  
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Ansari et al. 2009, fabricated biosensor for urea sensing based on titanium 

oxide-cerium oxide nanocomposite film deposited on ITO coated glass substrate. 

Mixture of enzymes (urease and glutamate dehydrogenase) was casted on 

nanobiocomposite for fabrication of urea biosensor. Biosensor showed sensitivity 

response 10-700 mg/dL with response time 10 sec [120]. 

Kaushiket al. 2009, elaborated iron oxide-chitosan based nanobiocomposite 

for urea biosensor [121]. Ali et al. 2011, fabricated biosensor based on selectivity of 

the ZnO-nanowires with urease immobilization. Fabricated biosensor showed 

sensitivity value 52.8 mv/decade towards changes in concentration of urea test 

solutions [122]. 

Keeping in mind these reported results; it is highly desired to introduce new 

exciting materials for the enhancement of the working activity of the biosensors and 

the fabrication of the facile and easy way to design the enzymatic biosensors to attain 

the higher bio-catalytic activity.  
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Chapter 3 

MATERIALS AND METHODS 

This chapter is divided into three parts. First part is the synthesis of magnetic 

nanoparticles (MNPs) followed by second part the characterization of MNPs: 

Scanning Electron Microscopy (SEM), X-ray diffraction (XRD), Raman spectroscopy 

and Magnetic measurement. Third part is the fabrication of biosensor. 

3.1 Materials and Synthesis 

This portion of the chapter describes chemicals and reagents used in experimental 

work followed by detailed synthesis techniques performed. It provides synthesis 

methods of magnetic nanoparticles Fe3O4 and Co3O4 by co-precipitation method, 

synthesis of working electrode and immobilization of urease over the electrode by 

simple adsorption method for fabrication of proposed urea biosensor. It also describes 

fabrication method of Fe3O4-CH and CO3O4-CH nanobiocomposites in two sets of 

separate experiments. Further, potentiometric technique for electrochemical 

estimation of urea was also described. 

3.1.1 Chemicals and Reagents 

Chemicals and reagents used in the experimental work were obtained from various 

vendors/companies; detail is given in Table 3.1. Phosphate buffer solution (PBS), 

amounting 10 mM was prepared from KH2PO4 and Na2HPO4 with NaCl3 in 0.1315 

mM and pH was adjusted to 7.4. A urea solution stock of 100 mM was prepared in 

PBS and stored at 4oC. Low concentration ranges 0.1 mM of standard solutions of 

urea were prepared freshly. In laboratory all other chemicals used were of analytical 

grade and were used as received. Milli-Q water system (resistivity 18.25 MΩ cm) was 

used to purify water utilized in experiment. 
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Table 3.1: Chemicals and reagents 

SN Chemicals Company Name 

1. Cysteamine hydrochloride (CH) Fluka 

2. Glutaraldehyde (GA) Acros 

3. Chitosan (CH) Generay Biotech Co. Ltd 

4. Urease Jack Bean 

5. Urea Sigma Aldrich (USA) 

6. Potassium dihydrogen phosphate (KH2PO4) Sigma Aldrich 

7. Sodium hydrogen phosphate (Na2HPO4) Sigma Aldrich 

8. Cobalt (II) chloride (CoCl2) Sigma Aldrich   

9. Sodium Chlorate (NaCl3) Sigma Aldrich 

10. Ethanol (C2H5OH) Sigma Aldrich 

11. Iron (III) chloride (FeCl3) Fluka 

12. Iron (II) chloride (FeCl2) Fluka 

13. Hydro chloric acid (HCl) Fluka 

14. Sodium hydroxide (NaOH) Fluka 

3.1.2 Synthesis methods of magnetic nanoparticles 

In material sciences, the latest trend is tailoring classical products for special uses 

with desired properties. In this regard, particles of uniform size and shape are of 

particular interest which depends on the methods of synthesis used for their 

preparation. Following methods are commonly used for synthesis of nanoparticles: 

 Co-precipitation 

 

The most widely used method to synthesize magnetic nanoparticles is co-

precipitation. This method is relatively simple and facile. One of the major advantages 

of co-precipitation method is the rejection of impurities into the solution when the 

solid product is formed. 

 

 Sol -gel  

 

The sol gel is a wet-chemical technique used in the ceramic engineering and in the 

field of material sciences.  These methods are typically used for the fabrication of 

metal oxides. In this method chemical solution is used as a starting material for the 
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formation of gel (consists of integrated network of fine particles or network of 

polymers). 

 Hydro thermal 

 

Hydrothermal synthesis deals with the synthesis of single crystals that depends on the 

minerals solubility in hot water under high pressure. In comparison to other methods, 

formation of crystals takes place where crystalline phases remain stable even at 

melting point. Materials which possess high vapour pressure near their melting points 

can also be synthesized by this method. The method is also found suitable for the 

synthesis of large crystals with good quality and uniform composition. On another 

side this method shows some disadvantages like use of expensive and sophisticated 

autoclaves, but different phases of crystal growth can not be observed. 

 Thermal decomposition 

This method is used for the synthesis of small sized magnetic nanoparticles. Further, 

organo metallic compounds with high-boiling point organic solvents can also be 

synthesized by this method. 

A facile and convenient way to synthesize magnetic nanoparticles is Co-

precipitation, therefore used in present research work. 

3.1.3 Fe3O4 Synthesis 

The synthesis of the Fe3O4 nanoparticles is presented by schematic image shown in 

Figure 3.1. This is a step by step process for the Fe3O4 synthesis by coprecipitation 

method. The Fe3O4 was prepared by the following method: 

 

 

http://en.wikipedia.org/wiki/Single_crystal
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Figure 3.1: Schematic image of synthesis of Fe3O4 

3.1.3.1 Method  

Vereda et al. 2007, reported co-precipitation method for the preparation of NPs of 

Fe3O4 [1]. Using the technique of coprecipitation, the following procedure was 

adopted for the preparation of the Fe3O4 nanoparticles: 

i. 0.32 M FeCl3 and 0.31M FeCl2 were mixed in 0.45 M HCl solution. 

Before use, HCl solution was diluted by deoxygenated H2O.  

ii. Mixture of Fe+2 and Fe+3 solutions was added into 250 ml of 0.3 M 

NaOH solution which is deoxygenated before use. NaOH was added 

into the mixture while strongly stirring at room temperature and in a 

nitrogen atmosphere.  

iii. Black Fe3O4 colloidal particles obtained in 2nd step were separated by 

centrifugation method.  

iv. Impurities were removed by washing separated particles with water 

for 3 times.  
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v. Finally, the pure sample of Fe3O4 particles was re-dispersed in water. 

This is called NPs stock solution of Fe3O4 having total concentration 

of 25 mM. This stock solution was stored at room temperature. 

3.1.4 Co3O4 Synthesis  

Osorio et al. 2009, reported hydrothermal synthesis of Co3O4 magnetic nanoparticles 

[2]. The synthesis of Co3O4 nanoparticles presented by schematic image is shown in 

Figure 3.2.  

 

Figure 3.2: schematic diagram of synthesis of Co3O4 

3.1.4.1 Method 

The reported method is hydrothermal synthesis of Co3O4 magnetic nanoparticles [3]. 

The preparation procedure was as follows: 

i. An aqueous solution of 0.4 M CoCl2 × 6H2O (Aldrich 99%) was 

prepared.  

ii. 0.5 ml of 0.5 M NH4OH was added drop by drop until pink precipitate 

of Co(OH)2 was obtained. The pH of the following chemical reaction 

was maintained at 8±0.5. 

 

        𝐶𝑜𝐶𝐼2 + 2𝑁𝐻4𝑂𝐻 → 𝐶𝑜(𝑂𝐻)2 + 2𝑁𝐻4
+1 + 2𝐶𝐼−1 (3.1) 
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iii. The precipitate of pink colour was washed with distilled water for Cl-1 

and NH4
+1 ions removal from precipitate.  

iv. The final product Co(OH)2 was calcined at 150oC  for 2 hours. 

Chemical reaction is as follows:  

 

𝐶𝑜(𝑂𝐻)2 + 5/2𝑂2    →    C𝑜3𝑂4 +𝐻2𝑂 (3.2) 

 

3.2 Characterization Techniques 

This section deals with the post synthesis characterization techniques used to find out 

the morphological and structural aspects of the NPs of Fe3O4, Co3O4 and Ag. The 

characterization tools used during the present work consisted of: Scanning Electron 

Microscopy (SEM), X-ray diffraction (XRD) and Raman spectroscopy. The basic 

principle of each technique is introduced followed by experimental results. 

3.2.1 X-rays diffraction (XRD) 

X-rays are the electromagnetic radiations discovered by W. C. Rontgen in 1895, with 

the wavelength of approximately equal to atomic size. X-rays have enabled the 

researchers to probe the crystallinity of the materials at atomic level [4]. X-rays 

diffraction technique is non-destructive and being heavily used in the field of material 

science to investigate the quality and crystal growth orientation of the materials. 

The working principle for the X-rays diffraction pattern is based on the 

interaction of the x-ray beam with the crystal structure. The details of the working 

process are as follows: A collimated beam of x-rays generated from the x-rays source 

is projected on the sample where each atom acts as a scattering source for the 

incoming beam as shown in Figure 3.4 which is Bragg’s reflection from crystalline 

lattice planes. 

The scattered beam is collected at certain angle and the intensity of the 

scattered X-rays at different angles is related to the fulfilment of condition of the 

Bragg’s law. 

2𝑑 𝑠𝑖𝑛 Ɵ = 𝑛𝜆 (3.3) 
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where d is the interplanar spacing,  is the diffraction angle of the X-rays,  n is an 

integer and λ is the wavelength.   

3.2.1.1 Scherrer equation  

The mean particle diameters were calculated using Scherrer equation.  

τ = 
𝐾𝜆

𝛽𝑐𝑜 𝑠 Ɵ
 (3.4) 

 

whereτ is the mean size of the crystalline domains, K is dimensionless shape factor,  

is X-ray wavelength, β is line broadening at half the maximum intensity and θ is the 

Bragg angle. 

The structure of the Fe3O4 and Co3O4 magnetic nanoparticles was checked by 

X-ray diffraction (XRD) using X-ray diffractometer [(Bragg-Brentano) θ-2θ 

diffractometer]. Diffractometer was equipped with Cu Kα1 ( = 1.5406 nm), a 40 kV 

voltage and 40 mA current was utilized.  

XRD equipment used in research work is shown in Figure 3.3.   

 

Figure 3.3: Idefix XRD equipment 
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Figure 3.4: Schematic diagram of Bragg’s reflection from crystalline lattice 

planes [4]. 

 

For crystal structure analysis: 

 Pure sample, a few tenths of a gram or more of the magnetic 

nanoparticles (Fe3O4, Co3O4) was obtained. 

 the sample was grinded to a fine powder <10 μm in size. 

 powder was packed uniformly into a sample holder, assuring a flat 

upper surface.  

 double sticky tape was used to keep the powder in contact with 

container 

 a flat upper surface of powder was maintained for random distribution 

of lattice orientations.  

 for determining unit cell, with known peak positions a small amount 

of a standard Si sample was added to determine peak positions.  

XRD patterns were collected using Idefix XRD equipment at 40kV and 

30mA. JCPDS database was used for data interpretation. By using Scherrer’s equation 

average crystallite sizes were determined from the XRD peaks. 

3.2.2 Scanning Electron Microscopy (SEM) 

Scanning electron microscope (SEM) plays vital role in studying the morphological, 

compositional and other specialized features of the structures with nanoscales 

dimensions in various fields. The SEM is a kind of electron microscope which has 

http://upload.wikimedia.org/wikipedia/commons/7/74/BraggPlaneDiffraction.svg
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very common use in basic research as well as in the industry due to its capability of 

working with high resolution and high magnification.  

The basic working principle of the SEM is an interaction of a focused 

electron beam with the surface of the sample and detection of the emanating signals 

from the sample surface as shown in Figure 3.5. These signals can be used to extract 

the desired information about the samples depending on the interaction mode and 

detector. However, the most commonly used contrast mode is a secondary electron 

detection mode.  

 

Figure 3.5: Schematic image illustrates basic working principle of SEM [5]. 

A beam of electrons is produced when metallic filament is heated. This 

electron beam enters vertically in a column of the microscope. The beam of electron 

is directed and focused on the sample with the help of electromagnetic lenses.  

As a result, secondary electrons are ejected from the sample. Secondary 

electrons are also called back scattered electrons. These secondary electrons are 

collected from the sample and converted to a signal by detector. Detector is further 

connected to a viewing screen to produce images. 

SEM (JEOL JSM-6301F) instrument was used to investigate the 

morphological aspects and dimensions of Fe3O4, Co3O4 and Ag nanoparticles. The 

sample in a powder form was loaded in a sample holder for viewing under the 



Chapter 3 

Materials and Methods 
 

72 

 

microscope and distance between sample and electron beam gun was maintained at 48 

mm.   

3.2.3 Raman spectroscopy 

This technique was first time introduced in the year 1928 by Indian physicist C. V. 

Raman [6]. Raman method is different in nature than other spectroscopic methods. As 

Raman spectroscopy detects in-elastically scattered phonons while other 

spectroscopic techniques, like near infrared absorption detects light which is 

transmitted through a sample.  

It is an ideal method for analysis because of its non destructive nature and the 

flexibility in sampling. It was used for quantitative sample measurement. A laser 

beam was used to illuminate the sample. Lens was used to collect and concentrate the 

light from illuminated spot of the sample. After that it was passed through 

monochromator. Because of Rayleigh scattering those wavelengths closer to the laser 

line were filtered out while rest of the wavelength was dispersed on to a detector 

which is shown in Figure 3.8.  

Energy level of the various states given by Raman signal is shown in Figure 

3.6. It is evident from the figure below that the line thickness is approximately 

proportional to the signal strength. 

 

 Figure 3.6: Diagram shows the various energy levels involved in Raman 

signal [7]. 

http://en.wikipedia.org/wiki/File:Raman_energy_levels.svg
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Raman spectroscopy by a Shamrock SR-303i-A from Andor Technology, USA shown 

in Figure 3.7 was used in the research work.  

 

Figure 3.7: Photograph of Raman spectrometer [8] 

 

Figure 3.8: Schematic representation of Raman scattering principle [7]. 

Raman scattering was about 1000 times weaker than Rayleigh scattering. In 

case of Raman spectroscopy a major task was the separation of weak scattered light 

from the intense scattered light. Previously various dispersion stages and holographic 

gratings were used in spectrometers for high degree of removal of weak laser light. 



Chapter 3 

Materials and Methods 
 

74 

 

However, modern instrumentation employs spectrographs and band stop filters for the 

removal of weak laser light. 

Surface enhanced Raman, ploarised Raman, resonance Raman, stimulated 

Raman, transmission Raman and Hyper Raman are some examples of advanced 

Raman Spectroscopy. 

3.2.3.1 Raman shift 

Raman shifts are usually in wave-numbers. Following formula was used for 

converting spectral wavelength and wave-numbers into the Raman spectrum. 

∆𝜔(𝑐𝑚−1) = (
1

𝜆0(𝑛𝑚)
−

1

𝜆1(𝑛𝑚)
) 𝑥107,

(𝑛𝑚)

(𝑐𝑚)
 (3.5) 

where, λ1 is the Raman spectrum wavelength, λ0 is the excitation wavelength and 

is the Raman shift expressed in wave-number. Usually, in Raman spectra wave-

number is expressed in cm−1 (inverse centimeters). Nanometer (nm) is usually used to 

express wavelength. 

3.2.3.2 Advantages with Raman scattering 

The followings are the advantages of Raman scattering: 

a. Raman spectroscopy does not require any special tuneable laser source; 

any laser having high average power can be used, short wavenlengths 

are preferably used. 

b. Atoms, radicals and molecules that absorb well down in the VUV region 

can be measured through this technique. 

c. Raman is an ideal technique for major species detection, i.e. N2, O2, H2, 

CO, CO2, H2O, hydrocarbons, normally with a single shot detection limit 

~1000 ppm. 

3.2.3.3 Disadvantages with Raman scattering 

a. The Raman scattering signal is very weak 

b. 2D-visualization is difficult to develop 

c. Shows sensitivity to stray light and background fluorescenc 

d.  Background emission can be a problem due to incoherence nature of 

this technique 

e. High average power laser is required. 
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Raman scattering measurement is a highly sensitive tool for microstructural 

investigation of nanostructures. Furthermore, it is well known fact that Raman 

Spectroscopy is a non-destructive technique which in the last 30 years has been 

extensively used in nanostructure characterization.  

To confirm the main chemical composition of the Fe3O4 and Co3O4 magnetic 

nanoparticles Raman spectroscopy by a Shamrock SR-303i-A from Andor 

Technology, USA was used. This spectrometer consisted of 785 nm laser to excite the 

molecular vibrations of a sample. The instrument was coupled with a computer to 

display the results. 

The procedure adopted for taking a spectrum was as follows: 

 The samples of magnetic nanoparticles (Fe3O4, Co3O4) in powder 

form were placed in a glass bottle.  

 

 Raman spectrum of the both, glass and sample was collected. 

 

 The Raman spectrometer was connected by a cable to the sample 

holder, and the sample bottles. 

 

 Raman spectrum of the sample was purified by substracting the dark 

spectrum of glass bottle from spectrum of sample in bottle. 

 

 

3.2.4 Magnetic measurements  

Neel in 1948 described the magnetic moment in magnetic nanoparticles; which is due 

to the superposition of magnetic moment of individual sublattices [9]. Magnetic ions 

present in magnetic nanoparticles show interaction with each other. This interaction is 

because of antiferromagnetic super exchange interaction between magnetic ions 

mediated by O-2 anions. Magnetic ions present on A and B sublattices, show various 

types of super exchange interactions, which are expressed as A-B, A-A and B-B 

interactions.  

It is evident that the strength of these interactions depends upon two factors; the 

distance between the magnetic ions A and B alongwith mediating oxygen ion [9]. 

Angle between these magnetic ions is another important factor for the determination 

of these interactions [10]. 
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Table 3.2 illustrates interionic distances and angles in the spinel structure for the 

different type of lattice site interactions in magnetic nano particles. 

Table 3.2: Interionic distances and angles in the spinel structure of MNPs. 

 

Distances Mo-O Distances Me-Me 

P=a(⅜−μ) b=(
𝑎 

4
) √2 

q= a(μ−¼)√3 c =(
𝑎 

8
) √11 

r=α(1+μ)√11 
 

𝑠 = 𝛼(⅓𝜇 + ⅛)√3 

d=(
𝑎 

4
) √3 

 

e =(
3𝑎

8
) √3 

f=(
𝑎 

4
) √6 

 

 

It has been observed by Goldman 2006, that the strongest magnetic interaction occurs 

at an angle of 180ͦ where interatomic distances are the shortest. Furthermore, 

interaction A-B sites possess ideal angle alongwith atomic distance which results in 

magnetic moment of ions at A-site, anti parallel to the magnetic moment of ions at B-

site. On the other side, the interactions B-B and A-A sites possess magnetic ions with 

larger distance and small angles [10]. 

The A-O-B angle is about 154 ͦ and 125 ͦ and B-O-B angles are around 125 ͦ and 90 ͦ but 

there is one thing to be noticed that B-O gap is large. Similarly, the A-O-A angel is 

about 80 ͦ. So, this is evident from the stated information that the magmentic moment 

of ions lie on A and B sites are much stronger and pronounced. Whereas interaction 

among B-B is much weaker and A-A interaction is altogether missing. An individual 

B site interacts with an individual A site. Each B-site is interacted to six such units 

and each A-site is linked to four such types of units. There has been found continuity 

throughout the lattice such that the entire A and B sites are interconnected to form 

joined blocks and coupled antiparallel movement [10]. 

 

 



Chapter 3 

Materials and Methods 
 

77 

 

Magnetic properties of Fe3O4 and Co3O4 were studied using a Vibrating sample 

magnetometer (VSM) model Lake Shore, new 7400 series, USA. This magnetometer 

is shown in Figure 3.9. 

 

 

Figure 3.9: Diagram of Vibrating sample magnetometer (VSM) [10]. 

3.3 Fabrication of urea biosensor 

Urea biosensors have been designed in two different sets of experiments. In one set, 

electrode surface was modified with Fe3O4-CH and urease; while in other set of 

experiment, electrode surface was tailored with Co3O4-CH and urease as biomolecule.  

In biosensing the potential advantage of these magnetic nanoparticles, like 

biomolecular conjugation, biosafety, biocompatibility and superparamagnetic 

behaviour, is exploited. Biosensors composed of magnetic nanoparticles provide 

advantages in their stability, sensitivity, selectivity, accuracy, fast response and so on.  
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3.3.1 Fabrication of working electrode based on Fe3O4 

3.3.1.1 Scheme 1: Working electrode based on Fe3O4 

Ali et al. 2013 reported the fabrication of a working electrode based on Fe3O4 [11]. 

The schematic image of fabrication of working electrode based on Fe3O4 is presented 

in Figure 3.10. Working electrode was made by dispensing Fe3O4-CH-urease 

nanobiocomposite on a copper wire with diameter 500 m, mounted on a glass fiber 

filter. 

 

 

 

For fabrication of the working electrode, the subsequent steps were followed:  

Chitosan sol gel was prepared in 1% acetic acid and 1 M hydrochloric acid solutions 

and kept on stirring for 24 hours.  

i. The Fe3O4 magnetic nanoparticles were mixed with deionized water 

and stirred for 1 hour.   

ii. Fe3O4 magnetic nanoparticles were suspended in the suspension (sol 

gel of chitosan).  

iii. After that suspension was dispensed on copper wire with diameter 500 

m, mounted on a glass fiber filter. 

Figure 3.10: Schematic image of working electrode for Fe3O4 [11] 
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iv. Biosensor electrode based on Fe3O4 magnetic nanoparticles was 

developed by drop wise dispersion of suspension, consisting of; sol 

gel with suspended Fe3O4 magnetic particles, on copper wire. 

v. Finally, the urease was immobilized by physical adsorption method on 

Fe3O4-CH nanobiocomposite based biosensing electrode. 

3.3.1.2 Scheme 2: 

Another technique was applied for the fabrication of working electrode. Zhang et al. 

2011 reported the technique for fabrication of working electrode based on Fe3O4 [12]. 

The preparation procedure was as follows: 

Initially, cleaned bare gold electrode was incubated for 8 hours in 10 mM 

cysteamine hydrochloride.  

i. Excess amount of cysteamine was washed off and the electrode 

was dipped into 5% glutaraldehyde for 4 hours.  

ii. The modified electrode with glutaraldehyde was assembled 

with 2mg chitosan modified Fe3O4 MNP for 6 hours.  

iii. The said modified electrode was immersed for 4 hours into 5% 

glutaraldehyde.  

iv. Finally, the assembled electrode was coupled with 2 mg ml 

urease for 6 hours at 25oC.  

The assembly solvents used in the experiment were 0.02 M PBS with pH 7.0. 

Each step was followed with rinsing the electrode in PBS. The as-prepared electrode 

was denoted as CH/GA/Fe3O4-MNPs//Urease modified electrode. Said electrode was 

stored in PBS solution at 4oC until use. 

3.3.2 Fabrication of working electrode based on Co3O4 

Ali et al. 2013, reported fabrication of the working electrode based on Co3O4 [13]. 

Scheme 1:  

The schematic image of fabrication of working electrode based on Co3O4 is shown in 

Figure 3.11. Working electrode was made by dispensing Co3O4-CH-urease 

nanobiocomposite on a copper wire with diameter 500 m, mounted on a glass fiber 

filter.  
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For making working electrode, the following steps were followed:  

i. 1% acetic acid and 1 M hydrochloric acid (HCl) solution was used for 

preparing CH sol-gel and kept on stirring for 24 hours. 

ii. Co3O4 magnetic nanoparticles were mixed with deionized water and 

stirred for 1 hour. After that, the Co3O4 magnetic nanoparticles were 

suspended in the sol-gel of CH. 

iii. The suspension was dispensed on a copper wire having diameter 500 

μm, mounted on a glass fiber filter.  

iv. Biosensing electrode based on Co3O4 magnetic nanoparticles was 

constructed through drop by drop dispersion of sol-gel solution on the 

suspended copper wire.  

v. Finally, the Co3O4 magnetic nanoparticles based electrode was 

immobilized with urease enzyme using physical adsorption method. 

 
 

 

Scheme 2:  

Following steps were followed in another method of preparation of working electrode 

based on Co3O4. 

i. 10 mM cysteamine hydrochloride was taken to incubate cleaned bare 

gold electrode for 8 hours.  

Figure 3.11: Schematic image of working electrode for Co3O4 [13] 
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ii. Unbound cysteamine was washed offand after that the electrode was 

dipped for 4 hours into 5% glutaraldehyde.  

iii. Modified electrode with glutaraldehyde was assembled with 2 mg 

Chitosan modified MNP of Co3O4 for 6 hours.  

iv. 5% glutaraldehyde was used for immersing the modified electrode for 

4 hours. 

v. Finally, the assembled electrode was coupled with 2 mg ml urease for 

6 hours at 25oC. 

 

The assembly solvents used in the experiment were 0.02 M PBS with pH 7.0.  

Each step was followed with rinsing the electrode in PBS. The as-prepared electrode 

was denoted as CH/GA/ Co3O4-MNPs/ Urease modified electrode. Said electrode was 

stored in PBS solution at 4oC until use. 

3.3.3 Urease immobilization over the electrode  

Physical adsorption method was adopted for the immobilization of urease over the 

electrode surface. For immobilization of urease over the electrode the following steps 

were followed:  

 PBS of pH 7.4 with activity of 2mg/mL was selected for the 

preparation of urease solution. 

 The prepared solution was dispersed drop wise on;  

a. Fe3O4-CH nanobiocomposite based biosensing electrode, and  

b. Co3O4-CH nanobiocomposite based biosensing electrode. 

In case of urea biosensor different methods like physical adsorption method, 

chemical cross linking, electrochemical entrapment and covalent coupling can be 

adopted for immobilization of urease in conducting polymer or co-polymer.  

 There are four different methods of biomolecule immobilization like 

Physical adsorption, entrapment; crosslinking and covalent bonding are described in 

Table 3.3 along with their advantages and disadvantages. Physical adsorption is 

commonly used method due to its potential advantages like fast immobilization and 

no structural changes in biomolecue. In controlled environmental conditions like 
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temperature, pH etc leaching of the biomolecule can be overcome by this method. 

Cross linking and covalent bonding though suitable for biomolecule immobilization 

but due to side effect of chemical used make them less attractive. Entrapment is one 

step process but found less suitable for application, as it cause barrier to diffusion of 

ions, which is crucial factor for creating potential difference in potentiomertic 

biosensor. 
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Table 3.3: Different methods of biomolecule immobilization 

SN Immobilization way Advantage Disadvantage Reference 

1 Physical adsorption No structural change of biocatalyst, 

economical, fast immobilization 

Leaching can occur due to loose 

Physical interaction by change in 

environment condition  

[14] 

2 Entrapment One step fabrication method involved, 

low cost 

Diffusion barrier is major disadvantage, 

including unsymmetrical distribution of 

biocalatyst 

[15] 

3 Cross linking Stable interaction with high enzyme 

loading,moderate cost 

 chemical used for immobilization pose 

side effect, time consuming, less 

enzyme recovery 

[16] 

4 Covalent bonding Stable interaction with high enzyme 

loading 

Chemical used for immobilization pose 

side effect, time consuming, enzyme 

recovery is difficult 

 [17] 
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3.3.4 Electrochemical estimation of urea  

Potentiometric technique is commonly used for electrochemical estimation of urea. 

Potentiometric technique presents simple mode of detection of an analyte, easy 

construction of the sensor electrode and general availability of the required 

instrumentation. Furthermore, to harvest the potential benefit from this technique, ion 

selective electrode (ISE) can easily be constructed which is durable and does not 

require frequent maintenance. By using potentiometric method potentiometric 

measurements in different concentrations of urea were carried out.  

In one set of experiment, following elements formulate the cell assembly: 

 Working electrode: Fe3O4-CH nanobiocomposite with immobilized 

urease  

 Reference electrode: Ag/AgCl  

In another set of experiment, following elements formulate the cell assembly: 

 Working electrode: Co3O4-CH nanobiocomposite with immobilized 

urease  

 Reference electrode: Ag/AgCl  

 

In an experiment, a typical cell for potentiometric analysis consists of 

reference electrode, working electrode and analyte solution. Reference electrode is 

always treated as the left-hand electrode. It serves as a half-cell with an accurately 

known electrode potential. Its potential activity is independent of the concentration of 

the analyte or any other ions in the solution. Working electrode is always treated as 

the right-hand electrode. It is working electrode which is immersed in a solution of 

the analyte and its potential activity is dependent on the activity of the analyte. 

Working electrode is selective in its response.  

In the above mentioned experiments, both electrodes were connected with a 

pH meter (Model 215, Denver Instrument) to measure the potentiometric output 

voltage. 

Various concentrations of urea solution were prepared ranging from 0.5 to 80 

mM to find out potentiometric output voltage in response to small changes in urea 

concentration. Chemical reaction occurred in the above mentioned experiment is 

shown by Equation (3.1). 
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3.3.5 Urease as Biomolecule 

Urease (urea amidohydrolases; EC 3.5.1.5) is a nickel-dependent enzyme 

that was used to catalyze the hydrolysis of urea into 1 molecule of carbon oxide and 2 

molecules of ammonia. 

These enzymes are widespread in nature, and can easily be synthesized by 

plants, fungi and bacteria. They cannot be prepared by animals. In the present work, 

the urease solution was prepared with activity of 2 mg/mL in PBS of pH 7.4. 

3.3.6 Potentiometric Biosensing Measurement 

The schematic and sensing measurements are shown in Figure 3.12. 

Following are the steps for potentiometric biosensing measurement: 

 immersing the working electrode and reference electrode in phosphate 

buffer  pH 7.3; 

 connecting both electrodes with pH meter (Model 215, Denver 

Instrument) to measure the potentiometric output voltage. 

Biosensor was ready for measuring potential measurements of urea solution 

ranging 0.5 to 80 mM. Figure 3.13 is a schematic illustration of fabrication of 

biosensor using different methods of polymer attachment on solid substrate. 

At first, potential difference of working electrode and reference electrode 

was same. Urea molecules diffused near the surface of working electrode and interact, 

resulting change in physical and chemical properties of working electrode. Due to 

those changes in working electrode, potential difference produced was measured by 

pH meter. With the increase in urea concentration, potential difference also increased. 

This showed the linearity response of urea biosensor towards urea concentration.  

During the chemical reaction of urea hydrolysis, NH3 and CO2 release. The 

chemical reaction is given below: 

(𝑁𝐻2)2𝐶𝑂 +  𝐻2𝑂 →  2𝑁𝐻3 +  𝐶𝑂2 (3.6) 

 



Chapter 3 

Materials and Methods 

86 

 

 

Figure 3.12: Schematic diagram for potentiometric urea measurements [3]. 

 

Figure 3.13: Schematic illustration of fabrication of biosensor using different 

methods of polymer attachment on solid and conducting substrate [17]. 
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Chapter 4 

Results and Discussions 

Present research work deals with the synthesis of magnetic nanoparticles (MNPs) of 

Fe3O4 and Co3O4 by coprecipitation method. In addition to synthesis of MNPs, the 

following characterization techniques were used:  

i. Feld emission scanning electron microscopy (FE-SEM) for 

morphological and structural study; 

ii. XRD for crystal structure; 

iii. Raman analysis for covalent bonding and chemical composition of 

MNP and  

iv. Magnetic study of Fe3O4 and Co3O4 to determine their magnetic 

properties.  

The fabrication of urea biosensor was carried out by: 

i. preparation of hybrid nano biocomposites Co3O4-CH and Fe3O4-CH; 

ii. preparation of working electrodes: a). Co3O4-CH nanobiocomposite 

with immobilized urease and b). Fe3O4-CH nanobiocomposite with 

immobilized urease; 

iii. immobilization of urease over the working electrode surface by 

adsorption method; 

iv. confirmation of attachment of MNPs with CH by using SEM; 

v. different concentrations of urea were prepared; 

vi. potentiometric biosensing experiment for determination of urea; 

vii. pH response, time response and linearity response of urea biosensor 

towards different concentration of urea; 

viii. comparison  between MNPs of Fe3O4 and Co3O4 in relation to 

biosensing aspects; 
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ix. comparison between MNPs of Fe3O4, Co3O4 and non-magnetic 

nanoparticle of Ag in relation to biosensing aspects; 

x. urea concentration was estimated in urine and blood samples of 

healthy and sick people and also compared the results with laboratory 

data. 

The results of present research work are discussed in this chapter. 

4.1 Morphological and structural study 

High resolution field-emission scanning electron microscopy (FE-SEM) was 

used for morphological and structural study of MNPs of Co3O4, Fe3O4 and non-MNPs 

of Ag. The morphology of “as synthesized” MNPs of Fe3O4, Co3O4 and non-MNPs of 

Ag was observed by the FE-SEM. Results of the FE-SEM image of “as synthesized” 

particles are given in Table 4.1.The images of these particles are shown in Figures 

4.1-4.3.  

Table 4.1: FE-SEM Results MNPs Fe3O4, Co3O4 and non-MNP Ag 

SN Particles Morphology  Average size (nm) 

1 Fe3O4 Globular, porous 90-100 

2 Co3O4 Porous, homogenous, regular shaped 80-100 

3 Ag Porous,  non homogenous 90-100 

 

 

Figure 4.1: SEM image of the nanocrystalline Fe3O4 
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Figure 4.2: SEM image of the nanocrystalline Co3O4 

 

Figure 4.3: SEM image of the nanocrystalline Ag 

Porous and non homogenous morphology of the “as synthesized” NPs 

indicated that the film surface is composed of well connected NPs.  Ag nanoparticles 

are non homogenous in size and shape. Morphological results are consistent with 

those reported by Sugimoto et al. 1993 and Chen et al. 2000 [1-2]. 

4.2 Crystal Structure 

X-rays diffraction instrument was used for the determination of crystal structure of 

magnetic and non-magnetic nanoparticles. The XRD patterns showing the diffraction 
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peaks of the samples of MNP of Fe3O4 and Co3O4  are shown in Figures 4.4 – 4.7 

respectively, which can easily be indexed to the cubic spinel Fe3O4 and Co3O4 having 

the lattice parameter α = 8.3740 and 8.4072 Å and reveals high consistency with the 

JCPDS card Nos 01-1111 and 76-1802 respectively. Diffraction peaks of non-MNPs 

of Ag, as shown in Figure 4.8 are consistent with JCPDS card No.00-002-1098 and 

the lattice parameter α = 4.0772. XRD diffraction patterns clearly show that the 

synthesized Fe3O4 and Co3O4 NPs possess good crystal quality and high purity. 

Moreover, it is confirmed from broadening of the diffraction peaks that above 

mentioned materials have high crystalline nature and small particle size. 

 

Figure 4.4: XRD pattern of Fe3O4 nanoparticles 

 

Figure 4.5: Reference pattern of Fe3O4 
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Figure 4.6: XRD pattern of Co3O4 

 

 

 

Figure 4.7: Reference pattern of Co3O4 
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Figure 4.8: XRD pattern of Ag nanoparticles 

 

 

Figure 4.9: Reference pattern of Ag 

Standard peaks list of Fe3O4, Co3O4 and Ag nanoparticles are represented in 

Table A.1-A.3 in Appendix. 
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4.3 Raman scattering pattern 

Raman scattering pattern of Fe3O4 is shown in Figure 4.10. Four active Raman peaks 

corresponding to four active modes of Fe3O4 are given in Table 4.2. Active modes are 

typical phonon modes of alpha Fe2O3 (Hematite). Fe3O4 particles showed excitement 

at 488 nm at temperature 273.15-293.15 K and the ground state is 80 K for Fe3O4 

particles. These peaks are attributed due to the covalent bond chains present in 

nanocrystalline Fe3O4 particles.  

The results of the Raman scattering measurements of Co3O4 are shown in 

Figures 4.11 and 4.12. Three Raman peaks corresponding to the active modes are 

given in Table 4.2. Results confirmed the nanocrystalline nature of the MNPs of 

Co3O4 as well as the presence of chains of covalent bonding. Moreover, the present 

Co3O4 results are highly consistent with those reported by Hadjiev et al. 1988, for 

Raman spectra of Co3O4. He measured the Raman spectra of Co3O4 single-crystal at 

temperature 312 K. There were five Raman-active modes and identified at 194, 482, 

522, 618 and 691 cm-1 [3]. 

Table 4.2: Raman peaks 

S.N. Nanoparticles Raman peaks Active modes 

1 Fe3O4 225 cm-1 A1g 

  275 cm-1 E2g 

  375 cm-1 E3g 

  570 cm-1 E4g 

2 Co3O4 450 cm-1 Eg 

  500 cm-1 F2g 

  650 cm-1 A1g 
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Figure 4.10: Raman spectroscopic measurements showing various active modes 

of Fe3O4 nanoparticles 

 

 

 

Figure 4.11: Raman mode of Co3O4, presence of Raman modes of Co2O3, CoO 

and cobalt carbonate 
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Figure 4.12: Raman spectroscopic measurements showing various active modes 

of Co3O4 nanoparticles 

4.4 Magnetic studies 

The magnetic measurement of Co3O4 and Fe3O4 nanoparticles prepared at 200oC were 

carried out at room temperature. The magnetization curve for the Co3O4 

nanoparticles, as shown in Figure 4.13, displayed higher ferromagnetic properties 

with saturation magnetization value of 0.37 emu g−1 at the applied field of 15 kOe. 

While the magnetization curve for the Fe3O4 nanoparticles displayed higher 

ferromagnetic properties with saturation magnetization value of 0.17 emu g−1 at the 

applied field of 10 kOe as shown in Figure 4.13. The measurements were also carried 

out on a bulk sample in order to prove the ferromagnetic behavior of the nanoparticles 

[4].The ferromagnetic behavior of the bulk Co3O4 and Fe3O4 nanoparticles can be 

explained as follows: a normal spinel structure with antiferromagnetic exchange 

between ions where the ions occupy the tetrahedral and octahedral sites [5].  

The experimental results show zero net magnetization to the complete compensation 

of sublattice magnetizations. Therefore, this change from an antiferromagnetic state 

for bulk Co3O4 and Fe3O4 to a weakly ferromagnetic state for the Co3O4 and Fe3O4 
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nanoparticles were denoted due to the uncompensated surface spins and/ or finite size 

effects [6-9]. Hence the magnetic properties of Co3O4 and Fe3O4 nanoparticles are 

strongly dependent on size and the shape of their particles, crystallinity and 

magnetization direction. 

 

Figure 4.13: M-H loop for Co3O4 and Fe3O4 magnetic nanoparticles. 

Co3O4 MNPs has been shown in black colour line and Fe3O4 MNPs have been marked 

by doted red colour lines. 

4.4 SEM images for magnetic nanoparticles with a layer 

of CH  

Uniform layer of MNPs on a substrate by using chitosan (CH) was also investigated 

by SEM. The SEM images are shown in Figures 4.14 - 4.15 which revealed that the 

MNPs are present in the uniform layer over the substrate. These results may be due to 

the use of CH to overcome the existing problem of nanoparticles like aggregation and 

biodegradation when attached on substrate.  
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         Figure 4.14: SEM of Co3O4 deposited on working electrodes  

 

        Figure 4.155: SEM of Ag deposited on working electrodes  
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4.5 Potentiometric biosensing  

Hydrolysis of urea took place in a chemical reaction which is given below. Ammonia 

(NH3) and carbon dioxide (CO2) were released.  

(𝑁𝐻2)2𝐶𝑂 +  𝐻2𝑂 →  2𝑁𝐻3 +  𝐶𝑂2 (4.1) 

The immobilized urease affects the rate of hydrolysis. The rate of hydrolysis 

in the absence of enzyme is slow and unpredictable whereas reaction rate in the 

presence of immobilized urease is fast and could be predicted in the form of 

electrochemical response. As a result of hydrolysis of urea, NH4
+ ions diffuse near the 

surface of electrode modified with a) Co3O4-CH nanobiocomposite with immobilized 

urease and b) Fe3O4-CH nanobiocomposite with immobilized urease; accumulation of 

NH4
+ ions on the surface of working electrode creates potential difference. Potential 

difference depends upon the number of NH4
+ ions reaches near the surface of 

electrode. Diffusion of ions is the crucial factor for creating potential difference e.g. 

high diffusion rate of ions creates more potential difference. This indicates the 

linearity response of urea biosensor towards urea concentration. 

4.6 Effect of Chitosan on urea biosensor response 

Chitosan is NH4
+ selective layer in potentiometric urea biosensor. In presented urea 

biosensor the uniform thin layer of chitosan increased the biosensor response. Thick 

layer slow down the diffusion of NH4
+ ions near the surface of electrode as a result 

EMF of biosensor decreases. Chitosan characteristics especially biocompatibility, non 

toxicity and remarkable affinity to proteins (enzymes) were exploited to increase the 

sensitivity of biosensor. Mulyasuryani et al. (2010) reported potentiometric urea 

biosensor using chitosan membrane [10]. 

The best biosensor performance resulted at pH 7.3 and chitosan membrane 

thickness of 0.2 mm. Findings of the present research work are consistent with the 

reported results of Mulyasuryani et al. [10]. 
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4.7 Effect of enzyme immobilization on urea biosensor 

response 

Various crucial factors/parameters contribute to improve immobilization of 

biomolecules like surface area, hydrophilic nature and porosity of electrode matrix. In 

the present research work, the MNPs are incorporated in CH which increases the 

surface area of the electrode [11-12]. These MNPs also improve the optical and 

electrical properties of CH [13]. These factors contribute in effective biomolecule 

immobilization which results in proper diffusion of end product as a result of reaction 

between biomolecule and specific analyte [14]. 

In fabricating the specific biosensor immobilization of suitable enzyme on 

the surface of electrode is a crucial step. In case of proposed urea biosensor, it was 

found that the enzyme was efficiently loaded on the matrix of electrode in the form of 

thin uniform layer. Adopted method for immobilization is facile, easy and less time 

consuming as compared to other reported methods [15-17]. 

Furthermore, the amount of urease affects activity and response time of 

biosensor. Minimum enzyme requirement for the construction of biosensor was 

estimated by the activity of the biosensor. In case of proposed urea biosensor it was 

found that the biosensor response towards lower and higher urea concentration can be 

altered by changing the loading of urease over the electrode surface. Proposed urea 

biosensor was found more sensitive when loading was 5-10 L in the lower 

concentration ranges 10-6-10-3 M and vice versa. 

4.8 Potentiometric response versus pH 

Activity of urease, reaction rate of hydrolysis and the signal response (EMF) of the 

working electrode is affected by the pH of the working medium. The pH dependence 

of EMF was investigated in the acidic, basic and at neutral pH environments for the 

urea test solutions of 10 mM.  The pH range was selected from 3 to 11 and the 

maximum sensitivity value from the presented biosensor working electrode based on 

Co3O4 was achieved at around physiological pH value 7.4 as shown in Figure 4.16. 

pH 7.4 is preferred value for maximum EMF from application perspective. 

The pH range was selected from 3 to 11 and the maximum sensitivity value 

of the working electrode based on Ag was around physiological pH value 7.2 as 
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shown in Figure 4.17. Ali et al. 2011 also reported the performance of the urea 

biosensor at pH around 7.4 [18].  

 

Figure 4.16: Sensitivity response of the biosensor based on Co3O4 measured at 

the pH values range of 3 to 11. 

 

 

 

Figure 4.17: Sensitivity response of the biosensor based on Ag measured at the 

pH values rangeof 3 to 11. 
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                 The highest potential difference is resulted at this optimum pH. Kinetically 

the rate of urea hydrolysis is fastest at pH 7.0 - 7.1 so the production of NH4
+ ions. 

Solubility of NH3 ions also increases at optimum pH and produces more NH4
+ ions. 

Further, at optimum pH the activity of immobilized enzyme is at maximum. 

4.9 Potentiometric response versus time 

Potentiometric response of the fabricated biosensor versus time is shown in Figure 

4.18. The fabricated biosensing electrode Co3O4 held good stable response with quick 

response of ~12 seconds for the urea test solution with concentration of 40 mM. 

Moreover, the chemical reaction activity of the fabricated biosensing electrode is 

inv

esti

gated for the period of approximately one month and it was verified that biosensing 

electrode reserves ~90 % of its initial capacity reflecting a strong binding and 

compatibility between urease enzyme and Co3O4 nanobiocomposites. Israr et al. 2010, 

demonstrated potentiometric cholesterol biosensor based on ZnO nanorods and 

attained stable output signal at around 10 sec [19]. 

 

Figure 4.18: Output potentiometric response of the fabricated Co3O4 biosensor 

versus time. 

 



Chapter 4 

Results and Discussions 

 

105 

 

4.10 Potentiometric response vs urea concentration 

Potentiometric response 42 mV/decade for various urea concentrations ranges from 

0.1 mM to 80 mM is shown in Figure 4.19. Proposed MNPs Fe3O4 based sensor 

electrode showed high quick output response for the detection of urea. Proposed 

biosensor possessed lower detection limit 0.5 mg/dL, response time 12 sec and shelf 

life for about 3 months [20]. The response time data has been shown in Table 4.3.  

Table 4.3: Response time of working electrode CH-Fe3O4-Cu and CH-Co3O4-CU 

and those reported in literature. 

S.No Electrode Response time Reference 

1 ZnO/Au 15s [20] 

2 ZnO/TTO 10s [21] 

3 CH-ZnO-ITO 15s [22] 

4 CH-SnO2-ITO 5s [23] 

5 CeO2/ITO 15s [24] 

6 CH/ CeO2/ITO 10s [25] 

7 Au Nanowire/MEMS 10s [26] 

8 Fe3O4 nanoparticles 12s [27] 

9 Nano Fe3O4/ITO 25s [28] 

10 Chox/Zno/Ag wire 10s [19] 

11 Zno nanowire 9s [29] 

12 Fe3O4/CH/Cu wire 12s [present research work] 

13 Co3O4/CH/Cu wire 12s [present research work] 
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Figure 4.19: Sensitivity response curve of Fe3O4 logarithmic concentration 

ranges from 0.1 to 80 mM. 

The potential difference between the urease/ Fe3O4-CH/Cu biosensor 

electrode and the reference electrode (Ag/AgCl) was found changed due to variation 

in the composition of test electrolyte solution. 

Acid-base chemistry is responsible for the generation of electromotive force 

(EMF) response. The reaction between ammonia and water resulted into production of 

the charged ions in the urea test solution. Referring to Equation 4.1 the acid base 

chemistry is expressed below. In the water: 

𝑁𝐻3 + 𝐻2𝑂 ↔ 𝑁𝐻4
+ + 𝑂𝐻− (4.2) 

𝐶𝑂2 + 𝐻2𝑂 ↔ 𝐻2𝐶𝑂3 (4.3) 

𝐻2𝐶𝑂3 + 𝐻2𝑂 ↔ 𝐻2𝐶𝑂3 + 𝐻3𝑂+ (4.4) 

 

CO2 reacts with water to form weak acid so CO2 is acidic in nature. NH3 

reacts with water to form NH4
+ ions and is basic due to presence of OH- ions. 

Chitosan due to presence of less –NH2 (amine) group, (depending upon degree of 

deacetylation) is acidic and act as selective layer for NH3 ions. So, easier interaction 

of acid and base occurs. 
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As a result of hydrolysis of urea, NH4
+ ions diffuse near the surface of 

electrode. Potential difference is created due to accumulation of NH4
+ ions on the 

surface of working electrode. The potential value of the reference electrode 

(Ag/AgCl) has constant value of 222.34 mV at room temperature as reported earlier 

by Stumm et al. 2007 [30]. 

Potential difference depends upon the number of NH4
+ ions reaches near the 

surface of working electrode. Diffusion of ions is the crucial factor for creating 

potential difference, e.g. high diffusion rate of ions creates more potential difference. 

This reaction is not only enzyme catalyzed decomposition of urea to ammonia and 

carbon dioxide but charge on the chitosan selectively allows the ammonium ions to 

pass through to the surface of electrode. 

The potentiometric EMF response was measured for the wide range of urea 

concentrations from 0.1 to 80 mM is shown in Figure 4.20. The sensitivity curve 

revealed a linear rapid increase in the sensitivity of the biosensor with the elevated 

concentrations of urea molecules in the urea test solution and a linear relationship for 

the sensitivity (45 mV/decade) against the logarithmic values of urea concentration 

was achieved from urease immobilized Co3O4 nanobiocomposite. 

 

Figure 4.20: Sensitivity response curve for Co3O4 logarithmic 

concentrationranges from 0.1 to 80 mM. 
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Figure 4.21: Sensitivity response curve of Ag non-magnetic nanoparticle. 

 

Table 4.4: Sensing measurements for Fe3O4, Co3O4 and Ag 

Fe3O4           

EMF 0 10 20 00 20 40 60 80 100 120 

Concentration 0.5 1 10 20 30 40 50 60 70 80 

Co3O4           

EMF 275 325 375 425 47 525 575 625 675 725 

Concentration 0.5 1 10 20 30 40 50 60 70 80 

Ag           

EMF 770 775 780 785 790 795 800 805 810 815 

Concentration 0.5 1 10 20 30 40 50 60 70 80 

 

Potentiometric response 42 mV/decade for various urea concentrations 

ranges from 0.1 to 80 mM is shown in Figure 4.21. Proposed non-magnetic 

nanoparticles Ag based sensor electrode showed high quick output response for the 

detection of urea. Thle concentration and EMF data has been incorporated in Table 

4.4.   

Present research work results are analogues with Ali et al. 2011, fabricated 

biosensor which is based on selectivity of the ZnO-nanowires with urease 
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immobilization. They found that fabricated biosensor is highly sensitive and showed 

sensitivity of 52.8 mV/decade towards the changes in concentration of urea test 

solutions [18].  

Further, the selectivity of the biosensor electrodes based on urease/ Fe3O4-

CH /Cu, urease/Co3O4-CH /Cu, urease/Ag-CH/Cu were determined by adding up 

different interferents, e.g. glucose, uric acid and sodium pyruvate into the urea 

solution. It was found that output response of the proposed urea biosensor electrodes 

is independent of the size of working electrode and volume of analyte solution. The 

repeatability of experiment with respect to biosensor electrodes was made for three 

consecutive days in the detected range of urea concentrations and it was found that the 

three proposed biosensor electrodes showed almost similar response. A fast response 

less than 12 sec was demonstrated by the biosensor electrodes for the detected 

concentrations of urea. The shelf life of urease, immobilized on the surface of 

biosensor electrodes, was found to be three weeks. During that period it was also 

observed that biosensor electrodes retained 90% activity of its initial activity. 

Stability of the biosensor is largely dependent upon the the chemical and 

electrochemical stability of two components: conducting polymer or co-polymer over 

the solid substrate and enzyme immobilized on polymer matrix. Stability of both the 

components affects the overall performance of the biosensor directly or indirectly. 

There are two parameters to measure the stability of polymer and co-

polymer, first parameter is related to their functioning like stability of their conductive 

and electroactive materials and second parameter relates to physical stability i.e. their 

stable deposition on the electrically conducting substrate [31-32]. Dynamic change in 

the polymer or co-polymer occurs due to ion exchange into and out of the polymer, 

resulting leaching of the polymer or copolymer from the surface matrix due to stress. 

Sensitivity of Fe3O4 and Co3O4 based biosensor is 42 mV per decade and 45 

mV per decade respectively which is evident that they have low detection limit of the 

sample i.e. 0.5 mg/dL as indicated in Table 4.5. The achieved results shows 

improvement in values as reported in literature. 

One of the important considerations in the construction of the biosensor is 

the stability of the enzyme over the matrix. As enzyme stability not only reduces 

overall measurement costs but also beneficial for on spot clinical use. Moreover, 
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biosensor sensitivity also relies upon monolayer uniform deposition of the enzyme 

over the polymer matrix. Undoubtedly, biosensor sensitivity could be achieved only 

when there is an efficient bonding between enzyme and immobilizing material [17]. 

The proposed biosensor was highly stable and sensitive when enzyme was 

stored and processing of immobilization of enzyme was done at 50oC. For biosensor 

stability, an experiment was performed in 0.1M urea concentration for 2 months by 

placing proposed biosensor electrode at 50oC. Proposed biosensor showed stability for 

about 2 months and there was 75% degradation of the enzyme. 

4.11 Comparasion between magnetic nanoparticles Fe3O4 

andCo3O4 in relation to biosensing aspects 

The nanoparticles of magnetitie (Fe3O4) and those of its oxidized form maghemite 

(Fe2O3) are the most commonly used nanoparticles for biomedical applications (both 

invivo and invitro), due to their low toxicity and better biocompatibility. MNPs must 

exhibit non toxicity for in-vivo biomedical applications but this condition is not so 

severe in case of in-vitro biomedical applications. The Co3O4 MNPs are susceptible to 

oxidation and are toxic, so they are of little interest for in-vivo biomedical 

applications [33-35]. In the present research work, the choice of Co3O4-CH as 

nanobiocomposite could be the novel for in-vitro biomedical applications i.e. 

diagnostic applications in the form of urea biosensor. 

In the present research work, both Fe3O4 and Co3O4 MNPs were used for 

fabrication of urea biosensor. Results depicts that potentiometric EMF response of 

Co3O4 against the logarithmic values of urea concentration varying from 0.1  to 80 

mM is 45 mV/decade in terms of sensitivity as shown in Figure 4.22. While 

potentiometric EMF response of Fe3O4 with same urea concentrations are 42 

mV/decade in terms of sensitivity and is shown in Figure 4.21. 

It can be inferred that Co3O4 MNPs show better sensitivity response (45 vs 

42 mV/decade of concentration) towards urea concentration as compared to Fe3O4. 

Present research work results are comparable with previously reported work 

of Kaushik et al. 2009 where Ur-GLDH/CH-Fe3O4 nanobiocomposite/ITO based urea 

biosensor shows linearity of 5-100mg/dL, lower detection limit of 2mg/dL, response 

time of 10 sec and sensitivity of 12.5 uA/mM cm-2 [36]. 
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4.12 Comparison between MNPs of Co3O4, Fe3O4 and non-

magnetic nanoparticles of Ag 

Magnetic nanoparticles characteristics such as high selectivity, high stability and fast 

response in relation to biosensing aspect have been effectively utilized for fabrication 

of urea biosensor. Ag metal nanoparticles properties like enhanced detection (i.e. even 

single molecular detection) selectivity and fast response in terms of biosensing 

aspects were exploited for fabrication of urea biosensor. 

In the present research work, it was found that Co3O4 in addition to better 

sensitivity response of 45 mV/decade is cost effective and easily available material in 

comparison to Ag non-magnetic nanoparticle with lower sensitivity response of 42 

mV/decade, high cost and less availability of material for fabrication of urea 

biosensor. 

Present research work results are consistent with that of Ansari et al. 2009, 

who fabricated biosensor for urea sensing based on titanium oxide-cerium oxide 

nanocomposite film deposited on ITO coated glass substrate [37]. Mixture of enzymes 

(urease and glutamate dehydrogenase) was casted on nanobiocomposite for 

fabrication of urea biosensor. Biosensor showed sensitivity response 10-700 mg/dL 

with response time 10 sec. 

Table 4.5 shows the comparison of characteristics of working Fe3O4/CH/Cu 

wire and Co3O4/CH/Cu wire bioelectrode with the reported in the literature. 

Comparison is done in terms of immobilization, linear range, detection limit, shelf 

life, sensitivity and response time.  



Chapter 4 

Results and Discussions 

 

112 

 

Table 4.5 The characteristics of Fe3O4/CH/Cu wire and Co3O4/CH/Cu wire bioelectrode along with those reported in Literature 

have been summarized. 

S.N Electrode Immobilization/ 

Transducer 

Linear rang  detection 

limit  

Sensitivity Km value  Response 

time  

Shelf life  Reference 

   (mg/dL) (mg/dL)  (mM) (sec) (days)  

1 ZnO/Au Physical/ 

electrochemical 

25-400  4.57 х 10-8 A  

(mg/dL cm-2) 

2.1 15 70 [20] 

2 ZnO/ITO Physical/ 

electrochemical 

5-400 1 5.9 х 10-8 A 

(mg/dL cm-2) 

0.025 10 85 [21] 

3 CH-ZnO-ITO Physical/ 

electrochemical 

3-300  2х10-6 A 

(mg/dL cm-2) 

0.23 15 56 [22] 

4 CH-SnO2-ITO Physical/ 

electrochemical 

5-400 5 34.7 uA 

(mg/dL cm-2) 

3.8 5 80 [23] 

5 CeO2/ITO  Physical/ 

electrochemical 

10-400 10 10-700 mg/dL 2.08 15 80 [39] 

6 CH/ CeO2/ITO Physical 

electrochemical 

10-400 5 47 uA 

(mg/dL cm-2) 

3.5 10 60 [25] 

7  Ur-GLDH/CH-Fe3O4 

nanobiocomposite/ITO 

Physical/ 

electrochemical 

5-100mg/dL 2mg/d 12.5 uA/mM cm- - 10 10 [38] 

8 Fe3O4 nanoparticles Covalent 

spectroscopic 

1.3-5.2 - - 0.45  15 [27] 

9 Nano Fe3O4/ITO Physical/ 

impedimetric 

0.25-400 1.25 86 Ω  

(mg/dL cm-2) 

0.8 25 55 [28] 

10 Chox/Zno/Ag wire Physical/ 

electrochemical 

 2 35.2mV/ decade 0.1 10 90 [18] 

11 Zno nanowire Physical/ 

electrochemical 

5-400 1 32 mV/ decade  9 60 [29] 

12 Fe3O4/CH/Cu wire Physical/ 

electrochemical 

1-400 0.5 42 mV/ decade 0.1 12 80 present 

research work 

13 Co3O4/CH/Cu wire Physical/ 

electrochemical 

0.5-400 0.5 45 mV/ decade 0.1 12 90 Present 

reserch work 
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4.13 Application of urea biosensor: A case study 

For investigating kidney and liver diseases, urea is an important parameter to be 

frequently analyzed in clinical laboratories. For estimation of urea, the biological 

samples such as blood serum, urine and milk are routinely used. Human health is 

badly affected if the urea concentration is above the optimal level in above stated 

constituents. In human blood the normal range of urea is between 1.7 - 8.3 mmol/L. If 

urea level in blood increases up to 100 mM/L, it affects normal functioning of kidney 

[38]. The proposed urea biosensor was utilized in human blood which was diluted 10 

times and 100 times by using standard addition method. 

Urea biosensor based on MNPs was applied for the estimation of urea 

concentration in blood and urine samples collected from Linkoping University 

Hospital, Sweden. Blood and urine samples of 25 healthy and 25 sick volunteers were 

collected and urease/Fe3O4-CH/Cu biosensor electrode or urease/Co3O4-CH/Cu 

biosensor electrode with 20 L urease immobilization was used for the estimation of 

urea in blood and urine. 

The concentration of urea in 100 times diluted blood was found to be 3.84×10-4 M 

and in real sample was 10.24×10-2 M by using standard addition method. The 

concentration of urea in 100 times diluted urine was 4.1×10-4 and real sample was 

1.44×10-2. Urea biosensor was used to measure urea concentration ranges 0.1- 80 mM 

in blood samples and urine samples. Figure 4.22 shows urine sample collected by 

Co3O4 based urea biosensor. Figure 4.23 shows blood sample collected by Co3O4 

based urea biosensor. Figure 4.24 shows urine sample collected by Fe3O4 based urea 

biosensor. Figure 4.25 shows blood sample collected by Fe3O4 based urea biosensor. 

Figures 4.22-4.25 also show comparison between medical laboratory data and 

biosensor data.  

Blood urea levels obtained by biosensor have a relative error 0.1 - 2.5. Urine 

urea levels obtained by biosensor have a relative error 0.1 - 2.1. In both blood and 

urea samples 100 times dilution showed less relative error as compared to 10 times 

dilution. 
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Figure 4.22: Lab and Biosensor Data (mg/dL) vs EMF (mV) for Urine Sample 

Based on Co3O4 
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Figure 4.23: Lab and Biosensor Data (mg/dL) vs EMF (mV) for Blood Sample 

Based on Co3O4 
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Figure 4.24: Lab and Biosensor Data (mg/dL) vs EMF (mV) for Urine Sample 

Based on Fe3O4 
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Figure 4.25: Lab and Biosensor Data (mg/dL) vs EMF (mV) for Blood Sample 

Based on Fe3O4
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The relative error is different for all samples depending on concentration and type of 

impurities. 100 times diluted samples contain less impurity than 10 times diluted 

samples. In urine samples, it may be due to impurities like calcium oxalate, epithel 

and blood cell [39-40], which hinders the porosity of the hybrid nanocomposite. 

Therefore, the interaction of urea with enzym decreased. In both samples, the 

concentrations of impurities were less in the sample diluted 10 times than 100 times.  

Normally, urea level in blood is lower in comparison with urea level in urine. 

So, lower error bars in the above Figures 4. 22-4.25 represent less error and higher 

error bars shows greater error. The impurities can be eliminated by centrifugation or 

filtration of samples before sample measurement. Performance of the biosensor is 

affected by pH and thickness of nanohydrocomposite layer (Fe3O4-CH or Co3O4-CH). 

The performance was high at pH 7.3 and uniform thin layer of nanohybridcomposite. 

The character of biosensor was 45mV/decade; range of urea concentration was 0.1 - 

80 mM. The response time of urea biosensor was 12 sec and biosensor accuracy was 

92-99% for measure of 50 samples. 

As the hydrolysis of urea takes place, some of the urease released and leads 

to increase the diffusion rate of NH3 ions, so the detection of ammonia ions by 

transducer also increases and high EMF value is achieved at the same urea 

concentration. At later stages of reaction EMF values goes on decreasing as 

immobilized enzyme decreases. 

4.13.1 Urea level in urine samples 

Urea level in urine was measured by collecting 50 urine samples of 25 healty and 25 

sick people. Urine samples were 10  and 100 times diluted for the measurements with 

biosensor. Mean values, standard deviation and frequency distribution of the 

laboratory data and biosensor data was calculated.  

Values of laboratory data and biosensor data for 25 healthy and 25 sick 

people is presented in Table A.6 - A.7 in appendix. 
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Figure 4.26: Frequency Distribution vs Laboratory data, 10 and 100 times 

Diluted Biosensor data for Urine Sample (normal people) 

 

 

Figure 4.27: Frequency Distribution vs Laboratory data, 10 and 100 times 

Diluted Biosensor data for Urine Sample (sick people) 
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 . 

Figure 4.28: Frequency Distribution vs Laboratory data, 10 and 100 times 

Diluted Biosensor data for blood Sample (sick people) 

4.13.2 Urea level in blood samples 

 Urea level in blood was measured by collecting 50 blood samples of 25 healthy and 

25 sick people. Mean values, standard deviation and frequency distribution of the 

laboratory data and biosensor data  was calculated. Blood samples were 10 and 100 

times diluted for the measurements with biosensor. 

Laboratory data and biosensor data of 25 healthy and 25 sick people is 

presented in Table A.4-A.5 in appendix. 

Figure 4.26 illustrates frequency distribution of laboratory data and biosensor data of 

urine sample of normal people. Figure 4.27 shows frequency distribution of 

laboratory data and biosensor data of urine sample of sick people. Frequency 

distribution data indicates that average value of urea concentration in urine of 25 

samples ranges 5-40.5. Frequency distribution of urea concentration in blood of 25 

samples ranges 5-30.5 as shown in Figure 4. 28. 

Table 4.6 depicts average values and standard deviation values of laboratory 

data and biosensor data of blood and urine sample for normal people. Biosensor data 
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was diluted 10 times and 100 times before the measurements. Table 4.7 demonstrates 

average values and standard deviation values of laboratory data and biosensor data of 

blood and urine sample for sick people. Biosensor data was diluted 10 times and 100 

times before the measurements. This data indicates that average values and standard 

deviation values of biosensor data are consistent with the laboratory data. Frequency 

distribution graph shows normal distribution pattern with respect to urine and blood 

sample of normal people while, frequency distribution graph shows abnormal 

distribution pattern with respect to urine and blood sample of sick people as shown in 

Figure 4.26-4.28 respectively. 

The results of present study are shown in Table 4.8 where the value of urea 

ranges 5.4 -20 (mmol/dl) in blood of 25 normal people and ranges 15.5-40.6 

(mmol/dl) in urine samples of normal people. In comparison reported or standard 

values of urea 1.4-13.2, 1.7-8.3 and 8-21 in blood samples of 76, 30, 20 volunteers 

from referenced countries is also given in Table 4.8. Similary, in the reported work 

the urea level ranges 23-47 against urine samples of 3 volunteers.  The comparison of 

test results depicts that present values are in line with the reported results. Table 4.9 

shows the results of present work in terms of values of urea ranges from 2.1 -35.5 

(mmol/dl) in  blood samples of 25 sick people and ranges 7-57.1 in urine samples of 

25 sick people. In comparison to the reported research results, it is evident that present 

work shows promising results as urea concentration was determined against test 

samples of 25 healthy and 25 sick people. Table 4.8 and 4.9 provides the comparison 

between the present research data and reported blood and urine sample levels of urea 

in healthy and sick people, which is not extremely consistent but within the range. 

Present research work data shows good consistency with standard values.
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Table 4.6: Stastical information of the data analyzed for urea in blood and urine of normal people 

Stastical  Blood    Urine    

Parameter Laboratory data Biosensor data  Laboratory data Biosensor data  

  10% dilution 100% dilution  10% dilution 100% dilution 

Maximum 20.7 21.0 20.6 40.5 40.3 39.9 

Minimum 5.4 5.8 5.3 15. 15.8 14.9 

Mean 13.5 13.4 12.9 27.5 28.0 27.4 

Standard deviation 8.23 8.22 8.33 11.65 11.66 11.70 

 

 

Table 4.7: Stastical information of the data analyzed for urea in blood and urine of sick people 

Stastical  Blood    Urine    

Parameter Laboratory data Biosensor data  Laboratory data Biosensor data  

  10% dilution 100% dilution  10% dilution 100% dilution 

Maximum 35.1 35.9 35.0 57.1 57.9 57.6 

Minimum 2.1 2.4 2.0 7.0 7.8 6.9 

Mean 18.6 19.1 18.5 32.0 32.5 32.3 

Standard deviation 11.23 11.22 11.33 14.65 14.66 14.70 

 

There is significant difference between urea level in urine of normal and sick people i.e. values ranges from 15-40.5 mg/dl and 7.0-57.1  

mg/dl respectively with respect to standard values 15-40 mg/dl as shown in table 4.6 - 4.7.  
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Table 4.8: Blood and urine samples of normal people’s standard values comparison with earlier reported values 

Country Samples Standard values (mmol/dl) Ref 

                                                                                                          Blood 

UK 76 1.4 -13.2 41 

India 30 1.7 – 8.3 42 

India 20 8-21 43 

Sweden 25 2.4 -35 Present research work 

                                                                                                           Urine 

Indonesia 3 23-47 4 

Sweden 25 7 -57.1 Present research work 

 

Table 4.9: Blood and urine samples of sick people’s standard values comparison with earlier reported values 

Country Samples Standard values (mmol/dl) Ref 

Blood 

UK 76 1.4 -13.2 41 

India 30 1.7 – 8.3 42 

India 20 8-21 43 

Sweden 25 5.4 -20.5 Present research work 

Urine 

Indonesia 3 23-47 4 

Sweden 25 15 -40 Present research work 
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Chapter 5 

Conclusion and Future Prospects 

5.1 Summary 

In the present research work magnetic nanoparticles cobalt oxide (Co3O4) and iron 

oxide (Fe3O4) were synthesized by co-precipitation method. Scanning electron 

microscope x-rays powder diffraction and Raman spectroscopic characterization tools 

were utilized to look through the morphology, compositional purity, and crystallinity 

and emission characteristics of the fabricated magnetic nanoparticles. Magnetic study 

of Fe3O4 and Co3O4 was carried out to determine their magnetic properties. 

Hybrid nanobiocomposites were prepared based on Co3O4-CH and Fe3O4-

CH. In the fabrication process of urea biosensor these hybrid nanocomposites were 

attached on working electrode surface. Then, urease was immobilized over the 

electrode by physical adsorption method. Urea biosensor was designed in two 

different sets of experiments. In one set of the experiment electrode surface was 

modified with Fe3O4-CH-urease while in other set of experiment electrode surface 

was modified with Co3O4-CH- urease as biomolecule.  

For electrochemical estimation of urea, potentiometric technique was applied 

for different concentrations of urea. In one set of experiment the cell assembly was 

consisted of the following elements: the Fe3O4-CH-urease hybrid nanobiocomposite 

based biosensing electrode as working electrode and Ag/AgCl as reference electrode. 

In another set of experiment the cell assembly was consisted of the immobilized 

Co3O4-CH-urease hybrid nanobiocomposite based working electrode and Ag/AgCl as 

reference electrode. In both above mentioned experiments a pH meter (Model 215, 

Denver Instrument) was used to measure the potentiometric output voltage. 

SEM result of Fe3O4 magnetic nanoparticles showed a diameter in the range 

between 90-100nm and Co3O4 magnetic nanoparticles presented a diameter in the 

range between 80-100 nm. The XRD pattern showing all diffraction peaks of the 

Fe3O4 and Co3O4 magnetic nanoparticle samples which can readily be indexed to the 
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cubic spinel Fe3O4 and Co3O4 having the lattice parameter α = 8.3740 & 8.072 Å and 

reveals high consistency with the JCPDS card Nos 001-1111 and 76-1802 

respectively. Diffraction peaks of non-magnetic nanoparticle Ag are consistent with 

JCPDS card No.00-002-1098 and the lattice parameter α = 4.0772, which is the 

physical dimension of a unit cell in a crystal lattice  

Raman scattering measurements of Iron oxide where four active Raman 

peaks found at around 225, 275, 375 and 575 cm-1 positions are corresponding to the 

active modes i.e. Alg Eg, 3 and 4 active modes are typical phonon modes alpha Fe2O3 

(Hematite). Iron oxide particle shows excitement 488 nm at temperature 273.15 K to 

293.15 K and the ground state is 80 K for iron oxide particles.  

In Raman scattering measurements of Cobalt oxide the three Raman peaks 

located at around 450, 500 and 700 cm-1 positions are corresponding to the active 

modes i.e. A1g, Eg and F2g which confirms the nanocrystalline nature of the Co3O4 

magnetic nanoparticles as well as the presence of chains of covalent bonding. 

The open circuit potential was recorded by using different buffer solutions 

ranging from pH 3 to 11. The maximum sensitivity value from the presented 

biosensor based on Co3O4 and Fe3O4 was achieved at around physiological pH value 

of 7. 

Co3O4 based fabricated biosensor holds good stable response with quick 

response of ~12 seconds for the urea test solution with concentration of 40 mM. 

Moreover, the chemical reaction activity of the fabricated biosensing electrode is 

investigated for the period of approximately one month and it has been verified that 

biosensing electrode reserves ~85 % of its initial capacity reflecting a strong binding 

and compatibility between urease enzyme and Co3O4 nanobiocomposite. 

The potentiometric EMF response was measured for the wide range of urea 

concentrations varying from 0.1 mM to 80 mM. It was noticed that the sensitivity 45 

mV/decade against the logarithmic values of urea concentration was achieved.  

Fe3O4 based fabricated biosensor showed sensitivity ~42 mV/decade at room 

temperature. Biosensor showed negligible influence to interferents which revealed 

that biosensor is useful for the detection of urea in the samples with some interferers.  

Throughout the experiment, the biosensor showed good performance in stability, 
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sensitivity, selectivity, reproducibility due to reasonable stable output response of the 

biosensor around 12 sec. 

Proposed biosensor was used for the determination of urea concentration in 

urine and blood samples of 50 healthy and sick people. Comparing the results with 

laboratory data indicates that results were consistent with the laboratory data. 

In the present research work, the choice of Co3O4-CH as nanobiocomposite 

could be the novel for in-vitro biomedical applications i.e. diagnostic applications in 

the form of urea biosensor. 

 

5.2 Conclusion 

Magnetic nanoparticles Co3O4 and Fe3O4 were synthesized by co-precipitation 

method. Post characterization techniques SEM, XRD and Raman spectroscopic 

carried out for morphological, crystal structure and covalent bonding. Magnetic study 

of Fe3O4 and Co3O4 was carried out to determine their magnetic properties. 

Comparison between magnetic nanoparticles Fe3O4, Co3O4 and non-magnetic 

nanoparticle Ag in relation to biosensing aspects was also carried out. Working 

electrodes were fabricated based on Co3O4-CH-urease and Fe3O4-CH-urease hybrid 

nanobiocomposite on a copper wire mounted on a glass fiber filter. As a result, 

potentiometric urea biosensor was fabricated. 

Co-precipitation is simple and convenient method therefore, used in the 

present research work for the synthesis of nanoparticles. The SEM, XRD and Raman 

spectroscopic measurements showed the nanoscale dimensions, morphology, pure 

crystalline nature and existence of the covalent bonding in the material. Fabrication 

method of hybrid nanobiocomposite was simple and can be performed in normal 

laboratory conditions. 

The presented urea biosensor based on Co3O4-CH-urease hybrid 

nanobiocomposite showed substantial advantage; such as, eco-friendly, facile, highly 

sensitive and selective, reproducible, influence free response due to other interferers 

introduced in the solution and illustrated good linear sensitive response of ~45 

mV/decade against urea electrolyte concentrations ranging from 0.1 to 80 mM. 

Throughout the experiment, the sensor showed good performance in stability, 
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sensitivity, selectivity, reproducibility and due to reasonable stable output response of 

the biosensor was around 12 sec.  

The presented urea biosensor based on Fe3O4-CH-urease hybrid 

nanobiocomposite showed potentiometric response of ~42 mV per decade at room 

temperature over the wide logarithmic concentration range of the 0.1 to 80 mM .The 

presented biosensor showed negligible influence to interferents which reveals that this 

biosensor is useful for detection of urea in samples with some interferers.   

In biosensor fabrication immobilization of enzyme, was done by simple 

method and under normal conditions without compromising the performance of 

nanobiocomposite. The urease immobilization in a uniform thin layer results in fast 

response of the biosensor due to full optical transparency. 

Results depict that urea biosensor based on Co3O4-CH-urease hybrid 

nanobiocomposite showed better potentiometric response as compared to Fe3O4-CH 

hybrid nanobiocomposite. Therefore, Co3O4 is found better than Fe3O4 and non-

magnetic nanoparticle Ag in relation to biosensing aspects. The results suggest that 

the choice of Co3O4-CH-urease hybrid nanobiocomposite could be novel for in-vitro 

diagnostic applications. Moreover, parameters e.g. large surface to volume ratio with 

effective biorecognition area of the hybrid nanobiocomposite plays a paramount role 

in order to produce excellent micro-environmental conditions to detect the urea 

molecules. The physiological investigations showed that the presented biosensor 

worked really well around neutral biological pH values. 

Magnetic properties of magnetic nanoparticles plays significant role in 

biosensing and hence increase the detection level of urea in both blood and urine. It is 

found that physical adsorption for immobilization of enzyme on the surface of 

electrode has some disadvantage like relatively short shelf life of the electrode. So, 

covalent attachement or corss linking might be better alternative than the physical 

adsorption. 

On the basis of above stated results it might be concluded that the urea 

biosensor presented here is fabricated by using very inexpensive basic materials. 

Furthermore, it is compatible with low cost electronic readout devices. Therefore, it 

can ideally be used in clinical tests as disposable device.  However, the said 

biosensors showed slight influence  once  inspected  through the addition of variety 
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of interferers such as glucose and uric acid which reflects that the sensor is helpful 

for urea detection along with such interferes. In addition to this, the said fabrication 

method for the preparation of immobilized urease enzyme is useful and simple and 

can be used for different biosensors growth. 

All these useful features can make the proposed biosensor suitable for 

practical applications in different areas like medical, food etc. Therefore, proposed 

biosensor was used for the determination of urea concentration in urine and blood 

samples of healthy and sick people. Comparing the results with laboratory data 

indicates that results were consistent with the laboratory data. 

5.3 Future Prospects 

Simple and facile fabrication method can be extended for multiple biosensor designs 

by immobilization of variety of enzymes and bioactive molecules; it is desired to 

assemble the proposed electrochemical biosensor into portable chip based sensing 

device as strong electrical signals of 42-45 mv/decade are produced by them. Further, 

that device would be capable to analyze the multiple analytes at the same time for 

consideration of medical specialists or doctors; the main aim is to develop an efficient 

wireless nanobiosensor device. 
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Appendix 

Table A.1: XRD Standard peaks list of Fe3O4 

SN H K L d[A] 2Theta[deg] I [%] 

1 1 1 1 4.85000 18.277 6.0 

2 2 2 0 2.97000 30.064 28.0 

3 3 1 1 2.53000 35.452 100.0 

4 2 2 2 2.42000 37.121 11.0 

5 4 0 0 2.10000 43.038 32.0 

6 4 2 2 1.71000 53.547 16.0 

7 5 1 1 1.61000 57.168 64.0 

8 4 4 0 1.48000 62.728 80.0 

9 6 2 0 1.33000 70.785 6.0 

10 5 3 3 1.28000 73.997 20.0 

11 4 4 4 1.21000 79.079 5.0 

12 6 4 2 1.12000 86.907 10.0 

13 7 3 1 1.09000 89.934 32.0 

14 8 0 0 1.05000 94.381 10.0 

15 7 5 1 0.97000 105.145 16.0 

16 8 4 0 0.94000 110.063 6.0 

17 9 3 1 0.88000 122.171 10.0 

18 8 4 4 0.86000 127.196 20.0 

19    0.85000 129.980 8.0 

20    0.83000 136.273 2.0 

21 9 5 1 0.81000 143.974 10.0 
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Table A.2: XRD Standard peaks list of Co3O4 

SN H K L d[A] 2Theta[deg] I [%] 

1 1 1 1 4.66788 18.997 1.3 

2 2 2 0 2.85848 2.85848 28.9 

3 3 1 1 2.43772 36.841 100.0 

4 2 2 2 2.33394 38.543 8.0 

5 4 0 0 2.02125 44.804 17.1 

6 3 3 1 1.85483 49.076 3.0 

7 4 2 2 1.65034 55.647 7.4 

8 5 1 1 1.55596 59.348 20.9 

9 4 4 0 1.42924 65.225 30.3 

10 5 3 1 1.36661 68.618 0.2 

11 4 4 2 1.34750 69.731 0.1 

12 6 2 0 1.27835 74.109 2.2 

13 5 3 3 1.23295 77.329 6.3 

14 6 2 2 1.21886 78.393 3.1 

15 4 4 4 1.16697 82.613 1.6 

16 7 1 1 1.13213 85.750 0.3 
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Table A.2: XRD Standard peaks list of Ag  

SN H K L d[A] 2Theta[deg] I [%] 

1 1 1 1 2.37000 37.934 100.0 

2 2 0 0 2.05000 44.142 80.0 

3 2 2 0 1.44000 64.678 80.0 

4 3 1 1 1.23000 77.549 90.0 

5 2 2 2 1.18000 81.506 50.0 

6 4 0 0 1.02000 98.085 20.0 

7 3 3 1 0.94000 110.063 60.0 

8 4 2 0 0.91000 115.662 60.0 

9 4 2 2 0.83000 136.273 40.0 

10 5 1 1 0.79000 154.356 40.0 

11 4 4 0 0.72000  10.0 
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Table A.3: Urea levels in blood samples obtained from laboratory and urea 

biosensor for sick people 

SN Medical laboratorydata Urea biosensor data (mg/dL) 

 (mg/dL) 10 times dilution 100 times dilution 

1 2.1 2.4 2.0 

2 3.2 3.5 3.1 

3 4.3 4.9 4.2 

4 22.2 22.8 22.1 

5 23.4 24.0 23.3 

6 24.6 25 24.5 

7 26.1 29.9 26.0 

8 27.4 27.9 27.3 

9 28.0 28.4 27.9 

10 28.5 29.0 28.4 

11 29.1 29.7 29.0 

12 29.5 29.9 29.4 

13 30.2 30.8 30.1 

14 31.4 32.0 31.3 

15 31.9 32.3 31.8 

16 32.1 32.7 32.0 

17 32.6 33.1 32.5 

18 32.9 33.3 32.8 

19 33.0 33.4 32.9 

20 33.8 33.9 33.7 

21 34.1 34.9 34 

22 34.5 35 34.4 

23 35.1 35.9 35.0 

24 3.0 3.2 2.9 

25 3.3 3.7 3.2 

Max 35.1 35.9 35 

Min 2.1 2.4 2.0 

Mean 18.6 19.1 18.5 

S D 11.23 11.22 11.33   
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Table A.4: Urea levels in blood samples obtained from laboratory and urea 

biosensor for normal people 

SN Medical laboratorydata Urea biosensor data (mg/dL) 

 (mg/dL) 10 times dilution 100 times dilution 

    
    
1 5.4 5.8 5.3 

2 6.0 6.9 5.9 

3 7.7 8.3 7.5 

4 8.1 8.3 8.0 

5 9.9 10.3 9.7 

6 10.7 11.2 10.6 

7 11.0 11.3 10.9 

8 12.6 12.8 12.5 

9 13.7 13.9 13.6 

10 14.6 14.8 14.5 

11 15.8 16.0 15.7 

12 16.9 17.1 16.8 

13 17.0 17.1 16.9 

14 18.6 19.0 18.5 

15 19.0 19.3 18.9 

16 20.7 21.0 20.6 

17 21.4 21.9 21.3 

18 4.2 4.8 4.1 

19 4.6 5.0 4.5 

20 5.1 5.8 5.0 

21 5.8 6.1 5.7 

22 6.3 7.0 6.2 

23 6.8 7.2 6.7 

24 7.3 7.9 7.2 

25 8.0 8.3 7.9 

Max 21.4 21.9 20.6 

Min 5.4 5.8 5.3 

Mean 13.5 13.4 12.9 

S D 8.23 8.22 8 .33 
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Table A.5: Urea levels in urine samples obtained from laboratory and urea 

biosensor for sick people 

SN Medical laboratory data  Urea biosensor data (mg/dL) 

 (mg/dL) 10 times dilution 100 times dilution 

1 41.0 41.3 40.9 

2 42.1 42.3 42.9 

3 43.0 43.3 42.9 

4 44.0 44.3 43.9 

5 45.0 44.9 44.9 

6 46.0 46.4 45.9 

7 47.1 47.3 47 

8 48 48.4 47.9 

9 49.0 49.9 49.6 

10 50.3 50.9 50.1 

11 51.2 51.8 51.1 

12 52.0 52.9 51.9 

13 53.3 53.9 53.0 

14 54.3 54.9 54.5 

15 55.1 56 55.3 

16 56.7 56.9 57.6 

17 57.1 57.9 56.9 

18 21.0 21.9 20.7 

19 14.0 14.6 13.8 

20 13.0 13.9 12.9 

21 12.0 12.6 11.9 

22 11.2 12 11.1 

23 10.0 10.9 9.9 

24 8.0 8.7 7.9 

25 7.0 7.8 6.9 

Max 57.1 57.9 57.6 

Min 7.0 7.8 6.9 

Mean 27.5 28.0 27.4 

S D 11.65 11.66 11 .70 
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Table A.6: Urea levels in urine samples obtained from laboratory and urea 

biosensor for normal people 

SN Medical laboratory data  Urea biosensor data (mg/dL) 

 (mg/dL) 10 times dilution 100 times dilution 

1 23.5 23.8 23.4 

2 23.6 23.9 23.5 

3 24.5 24.8 24.4 

4 25.5 25.8 25.4 

5 26.6 26.9 26.5 

6 27.4 27.7 27.3 

7 28.6 28.10 28.5 

8 29.1 29.4 29.0 

9 30.0 30.4 29.4 

10 31.2 31.5 31.1 

11 32.0 32.3 31.9 

12 33.2 33.7 33.1 

13 34.7 34.10 34.6 

14 35.3 35.6 35.1 

15 36.0 36.3 35.9 

16 37.1 37.4 37.0 

17 38.0 38.3 37.9 

18 39.0 39.3 38.9 

19 40.0 40.3 39.9 

20 20.0 20.8 19.8 

21 19.0 19.8 18.9 

22 18.0 18.8 17.7 

23 17.0 17.9 16.9 

24 16.0 16.6 15.8 

25 15.0 15.9 14.9 

Max 40.0 40.3 39.9 

Min 15.0 15.9 14.9   

Mean 32.0 32.5 32.3 

S D 14.65 14.66 17 .70 

 


